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Abstract 

This  thesis  develops  and  demonstrates  a method  for 
Improving  aircraft  readiness  by  adding  specific  stocks  to 
specific  bases.  The  effect  of  additional  stockage  on  NORS 
Is  discussed.  The  relationship  of  Items  requisitioned  as 
NORS  to  NORS  aircraft  Is  investigated  using  eight  months  of 
reported  NORS  for  the  A7D.  Using  an  expression  for  expected 
NORS  which  is  developed  In  the  paper,  a method  for  Improving 
readiness  Is  presented.  The  potential  of  the  method  Is 
demonstrated  using  data  on  the  Fill,  FBlll,  A7D,  and  B52. 
Increases  In  readiness  equivalent  to  several  additional  air- 
craft are  shown  to  be  possible  for  relatively  very  low  invest- 
ments. A summary  of  eight  months  of  NORS  data  for  the  Fill, 
FBlll,  A7D,  B52  and  C135  is  also  Included. 


CHAPTER  I.  INTRODUCTION 


The  United  States  Air  Force  manages  some  of  the  most 
sophisticated  weapons  systems  in  the  world.  The  funds 
provided  to  manage  these  systems  are,  of  course,  limited. 

In  the  face  of  inflation  and  a general  redirection  of 
priorities  into  areas  other  than  defense,  it  is  imperative 
that  the  best  management  possible  of  these  funds  be  made. 

Although  the  procurement  cost  of  the  Air  Force  weapons 
system  is  high,  the  operation  and  support  costs  represent 
an  equally  important  part  of  the  budget  for  these  weapons 
systems.  Air  Force  weapons  as  a rule  have  a long  life 
expectancy.  The  operation  and  support  costs  over  a lifetime 
of  a weapons  system  is  by  no  means  small  and  it  is  in  this 
area  that  substantial  post- procurement  savings  can  be  made. 
Recognizing  this,  the  Air  Force  established  a special 
orgauiization  to  search  for  ways  in  which  operation  and 
support  cost  savings  could  be  made.  This  office,  established 
in  1975 1 is  known  as  the  Productivity,  Reliability,  Avail- 
ability and  Maintainability  (PRAM)  Program  Office.  It  was 
established  to  mount  a focused  attack  on  rising  operational 
and  support  costs.  The  PRAM  office  determines  candidates 
for  improvement  in  the  operation  and  support  area.  "The 
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criteria  used  in  determining  which  of  the  candidates  to 
ptirsue  encompass  the  screening  and  selection  process  within 
PRAM  policy  guidelines,  the  practicability/feasability  of 
the  proposal, and  the  prioritization  based  upon  proposed 
cost/savings  benefits."  (Ref  lO)  The  importance  placed  by 
the  Air  Force  on  improvements  in  these  areas  is  reflected  in 
the  PRAM  budget.  The  PRAM  budget  for  Fiscal  Year  1976  was 
$7*9  million,  composed  of  monies  in  the  Operations  and  Main- 
tenance (O&M) , Research  and  Development  (R&D)  and  procurement 
accounts  (Ref  2:1). 

A study  recently  conducted  by  the  PRAM  Program  Office 
indicated  that  a large  amount  of  readiness  degradation  is 
attributed  to  the  supply  system  (Ref  3)*  Failure  to  have 
the  right  part  at  the  right  place  at  the  right  time  results 
in  a degradation  in  force  readiness.  For  the  18  aircraft 
types  involved  in  the  PRAM  study,  more  than  two  million 
potential  flying  hours  were  lost  in  1976  as  a result  of  a 
lack  of  spare  or  repair  parts.  This  represents  admost  six 
percent  of  the  available  flying  hours  for  these  aircraft. 

The  purpose  of  this  thesis  is  to  investigate  the  nature 
of  this  degradation  and  develop  a method  for  improvement  if 
practicable.  The  presentation  will  begin  with  a discussion  . 
of  some  pertinent  background  information.  Following  this,  the 
potential  improvement  through  additional  stockage  will  be  ex- 
amined. An  expression  to  estimate  Not  Operationally  Ready — 

Supply  (NORS)  time  will  be  derived.  Then  the  relationship  of 
NORS  to  readiness  will  be  examined.  Finally,  a method  for  im- 
proving readiness  will  be  developed  and  its  potential  demonstrated. 
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CHAPTER  II.  BACKGROUND 


Introduction 

Items  in  the  supply  system  may  be  classified  into  two 
basic  categories — consumable  and  reparable.  Consumable 
items  are  those  which  are  discarded  when  they  fail  or  i^hich 

If' 

are  used  up.  These  items  genially  tend  to  be  low  dollar 
vsdue  items.  They  are  s^so  referred  to  as  Economic  Order 
Quantity^  (^:0Q)  items.  Reparable  parts  are  those  which  are 
i repaired  and  placed  back  into  service  when  they  fail.  Some 
of  them  may  be  irreparable,  in  which  case  they  are  condemned 
and  replaced  by  new  items.  These  reparable  items  tend  to  be 
expensive  and  constitute  a large  portion  of  the  logistics 
system  budget.  As  early  as  1966,  they  comprised  78^  of  the 
Air  Force  investment  in  spares  (Ref  4j1). 

Most  of  the  inventory  models  used  by  the  Air  Force  are 
based  on  a two  echelon  inventory  concept.  This  concept 
involves  a depot  interacting  with  various  bases.  Although 
there  is  actually  more  than  one  depot  and  intermediate  supply 
sources  can  be  considered  (Ref  5)»  we  will  use  the  two  echelon 
view  in  this  study.  The  two  echelon  environment  will  be 
discussed  in  the  next  section.  Following  that,  a discussion 
of  the  current  and  proposed  systems  for  establishing  stockage 
levels  will  be  undertaken. 
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The  Two  Echelon  Environment 


The  environment  in  which  the  spare  parts  system 
operates  consists  of  two  echelons.  It  is  depicted  in  Fig.  1. 

The  flows  in  this  system  will  he  described  first  for  reparable 
items  amd  then  for  consumables. 

Failed  items  are  removed  from  the  aircraft  and  repaired 
at  the  base  repair  facility  if  possible.  If  allilce  item.is 
available  at  the  base,  it  is  installed  on  the  aircraft  while 
the  failed  item  is  being  repaired.  In  this  case,  once  the 
failed  item  has  been  repaired  it  becomes  a part  of  the  base 
stock.  If  no  like  item  is  available,  the  item  is  returned 
to  the  aircraft  after  undergoing  base  repair.  Frequently, 
the  base  repair  facility  will  be  unable  to  repair  the  item. 

These  incidents  are  known  as  not-reparable-this-station  (NETS). 
A study  conducted  at  one  base  for  a seven  month  period  in- 
volving 10,965  failed  items  found  that  ^905  were  NETS  (Eef  6:4). 
NETS  items  are  returned  to  the  depot  for  repair  or  condemnation. 
When  this  action  is  required,  a demand  is  placed  on  the  depot 
for  a serviceable  item.  When  the  depot  has  the  item  in  stock, 
it  is  sent  to  the  base  prior  to  the  arrival  of  the  failed 
item  at  the  depot.  If  no  item  is  in  serviceable  stock  at  the 
depot,  the  resupply  is  delayed  until  one  returns  from  the 
depot  repair  facility.  Upon  arrival  at  the  depot,  the  un- 
serviceable item  from  the  base  goes  through  the  depot  repair 
cycle  and  becomes  a part  of  the  depot  stock.  When  the 
serviceable  item  is  sent  to  the  base  from  the  depot,  it  is 
given  to  the  maintenance  facility  for  replacement  on  the 


aircraft.  This  completes  the  cycle  for  the  reparable  item. 
Consumable  items  can  also  be  viewed  using  this  two  echelon 
concept. 


If  the  item  which  failed  were  a consumable  item,  it 
would  be  disposed  of.  A replacement  would  be  obtained  from 
supply  and  the  item  replaced  on  the  aircraft.  Of  course, 
base  supply  might  not  have  the  item  in  stock;  in  which  case, 
the  requirement  would  be  passed  to  the  depot.  Even  if  the 
failed  item  were  reparable  at  the  base,  a part  required  to 
make  the  repair  could  be  consumable  and  would  be  handled 
as  above. 

The  discussion  thus  far  would  indicate  that  the 
system  is  a closed  one.  This  is  not,  in  fact,  the  case. 
Consumable  parts  for  depot  stock  as  well  as  reparable  items 
to  replace  those  which  are  beyond  the  point  of  economical 
repair  (condemnations)  must  be  obtained.  This  is  done 
through  a procurement  link  which  is  external  to  the  two 
echelon  concept. 

It  should  be  noted  that  not  all  of  the  items  come  from 
the  depot.  Some  of  the  items  come  from  other  services.  For 
example,  on  the  A? -aircraft  which  is  common  to  both  the  Navy 
and  Air  Force,  approximately  50^  of  the  EOQ  items  come  from 
Navy  sources  (Ref  7).  Also  many  items  which  are  common  to 
multiple  services  are  supplied  by  the  Defense  Logistics 
Agency . 


Definition  NORS 

Before  discussing  the  systems  in  use  by  the  Air  Force 
for  stock  level  determination,  the  two  echelon  concept  just 
described  will  be  used  to  establish  some  definitions  which 
will  be  helpful  throughout  the  the  study.  In  order  for  an 
aircraft  to  be  considered  "not  operationally  ready- supply” 
(NORS),  certain  criteria  must  be  met.  First,  the  failed 
item  must  be  required  on  the  aircraft  for  mission  per- 
formance. Secondly,  the  failed  item  must  not  be  readily 
base  reparable . (This  includes  items  which  the  base  is 
capable  of  repairing  but  cannot  due  to  a lack  of  repair 
parts.  This  condition  is  known  as  Awaiting  Parts  (AWP) . ) 
Finally,  the  base  must  not  have  the  item  in  stock  nor  be 
able  to  reasonably  obtain  it.  Before  a requisition  can 
be  processed  as  NORS,  the  Air  Force  Base  Supply  Manual 
requires  the  following* 

Efforts  must  be  expended  by  stock  control 
sections  to  insure  that  all  possible 
sources  on  base  are  exhausted  prior  to 
submission  of  a NORS  requisition.  This 
will  include  research  of  other  assets 
which  may  be  used  in  lieu  of  the  item 
required,  search  for  items  issued  for 
time  change,  items  issued  as  component 
parts/repair  lists,  consideration  of 
cannibalization,  and  war  reserve  material 
(VffRM) . A NORS  requisition  will  not  be 
created  until  it  has  been  determined 
that  there  are  no  assets  available  and 
that  no  reparables  other  than  not-reparable- 
this- station  (NRTS)  and  awaiting  parts 
(AWP)  items  exist. 

(Ref  8*1, 17, a, 3) 

Thus,  when  a NORS  condition  exists,  it  indicates  that  the 
system  did  not  have  the  part  available  at  that  base  even  for 
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some  other  purpose. 

The  term  NORS  commonly  has  two  different  uses  and  some 
accompanying  subtle  differences  In  meaning.  It  Is  often 
used  as  an  expression  of  readiness  degradation  caused  by 
the  supply  system.  It  is  in  this  sense  of  the  word  that  we 
say  an  aircraft  is  NORS.  On  the  other  hand,  NORS  is  used  as 
an  internal  supply  system  performance  measure.  In  this  sense 
of  the  word  we  find  NORS  items.  These  are  items  which  are 
responsible  for  NORS  aircraft.  The  correspondence  between 
NORS  items  and  NORS  aircraft  is  not  necessarily  one  for  one. 
Multiple  items  may  have  failed  and  be  unavailable  for  re- 
placement on  a particular  aircraft.  The  term  NORS  is  used 
interchangeably  to  refer  to  an  aircraft  or  items.  This 
subtlety  can  be  critical  when  NORS  is  used  as  a measiire  of 
system  performance  or  of  degradation. 

NORS  are  subdivided  into  two  categories.  These  are 
NORS-Flyable  (NORSF)  and  NORS-Grounding  (NORSG) . A NORSF 
condition  indicates  that  although  the  aircraft  can  fly,  it 
cannot  perform  all  of  its  intended  missions.  A NORSG 
condition  indicates  that  the  item  causing  the  NORS  precludes 
the  aircraft  from  flying  (Ref  8«  1,2,17). 

Reparable  Item  Levels 

This  section  will  describe  the  method  actually  used  to 
determine  the  quantity  of  reparables  which  will  be  authorized 
for  stockage  at  any  given  base.  This  quantity  is  known  as 
the  requisitioning  objective.  It  is  composed  of  the  demand 
level  and  the  War  Reserve  Material  (WRM) . 


The  quantity  of  WRM  necessary  for  a particular  item  is 
determined  by  the  major  command  based  on  war  planning/pro- 
gramming and  separate  guidance.  These  stocks  are  generally 
co-mingled  with  the  peacetime  stock  (Ref  Their 

purpose  is  not  to  support  day-to-day  operations.  Even  thou^ 
the  stocks  are  co-mingled,  the  quantity  designated  as  WRM  is 
not  routinely  available  to  satisfy  demands. 

The  remainder  of  the  authorized  stock  is  known  as  the 
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demand  level.  It  is  comprised  of  three  parts*  the  Repair 
Cycle  Quantity,  the  Order  and  Ship  Time  (O&ST)  Quantity 
and  the  Safety  Level  Quantity.  Recall  that  in  the  description 
of  the  two  echelon  model,  failed  items  were  either  returned 
to  the  depot  (NRTS),  condemned,  or  repaired  at  the  base  (RTS). 
The  Repair  Cycle  Quantity  is  that  quantity  of  stock  necessary 
to  meet  demand  while  RTS  items  are  being  repaired.  The  Order 
and  Ship  Time  Quantity  is  the  amount  of  stock  necessary  to 
sustain  operations  for  the  average  time  required  to  obtain 
replacements  from  the  depot  for  NRTS  aaad  condemned. items^ 

The  Safety  Level  Quantity  is  stock  authorized  to  offset 
random  fluctuations  in  O&ST,  Repair  Cycle  Time  and  demand. 

Fig.  2 is  a graphic  representation  of  the  make-up  of  a base 
authorized  stockage  for  any  given  item.  


: — 

O&ST  stock 

\ 

Renair  Cvcle  stock 

) Demand  Level 

Safetv  stock 

j 

WRM 

Fig.  2.  Requisitioning  Objective 
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Demand  level  authorization  is  base  on  the  Daily  Demand 

Rate  (DDR).  It  is  determined  as  follows* 

ToiaL-Deffiand? 

# days  over  which  demands  occurred 
This  demand  rate  is  based  on  a minimum  of  180  days  ex- 
perience. If  demand  history  is  not  available  for  a full 
180  days,  180  will  be  used  in  the  denominator  "to  minimize 
the  inflationary  effect"  (Ref  8«l,ll,f,9)*  The  intention 
is  to  prevent  stockage  based  on  random  fluctuation  in  demand 
over  short  periods.  When  more  than  180  days  of  demand  data 
is  available,  the  actual  number  of  days  will  be  used  up  to 
365  days.  When  more  than  one  year  of  data  is  available, 
the  most  recent  365  days  will  be  used.  This  demand  history 
is  maintained  in  six  month  increments  for  up  to  18  months 
(Ref  81  l,ll,f,l).  Total  demands  in  the  DDR  computation  do 
not  include  demands  for  initial  stockage  such  as  the  demand 
required  to  bring  stocks  up  to  a newly  computed  level;  nor 
does  it  include  demands  classified  as  non-recxirring.  The 
demand  level  authorization  is  just  the  siun  of  the  Repair 
Cycle  Quantity,  the  O&ST  Quantity,  and  the  Safety  Level 
Quantity  (Ref  8*  1,11,6). 

Level=RCQ+OSTQ+SLQ  (2) 

where  RCQ  (Repair  Cycle  Quantity)  =DDRxBRRxRCT 
BRR  (Base  Repair  Rate)  = RTS/(RTS+NRTS+C) 

C=  Condemnations 
RCT=  Repair  Cycle  Time 

OSTQ  (Order  & Ship  Time  QuantitSP=DDRx(NRTS+C)xOST 
NRTS+C=  1-BRR  , 

SLQ=  Safety  Level  Quantity=  I^y3(RCQ+0STQ) 

K=1 
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As  can  be  seen  above,  the  calculation  of  levels  requires 
that  information  on  base  repair  times,  base  repair  rates  and 
O&ST  be  gathered.  Base  Repair  Time  (RCT)  will  be  the  average 
time  required  to  repair  the  item  or  a specified  maximum. 

These  maximums  eure  either  six  or  nine  days  depending  upon 
the  type  of  item.  Although  exceptions  may  be  made,  this  is 
the  stated  policy  (Ref  8«  l,ll,3h). 

"It  is  Air  Force  policy  that  actual  O&ST  be  used  in 
computing  levels."  (Ref  8 « 1,11, 5a)  To  compensate  for  the 
time  required  by  the  base  to  process  these  NRTS  items,  two 
days  or  the  actual  average  time,  if  known,  is  added  to  the 
O&ST  time  (Ref  8:  1,11,5b).  Thus,  O&ST  consists  of  the 
actual  average  time  from  order  until  receipt  plus  two  days. 

The  procedure  described  above  is  applicable  to  both 
increasing  and  decreasing  levels.  However,  an  additional 
restriction  is  imposed  to  reduce  a demand  level  to  zero. 

To  completely  eliminate  a demand  level,  there  must  not  have 
been  any  demands  in  the  past  180  days  and  the  DDR  must  be 
below  .0054  (Ref  8jl,ll,3f).  This  implies  that  there  must 
have  been  less  than  two  demands  in  the  previous  year.  In 
order  to  establish  a level  initially,  two  recurring  demands 
must  have  been  placed  within  the  past  365  days  (Ref  8«l,ll,3f). 

The  frequency  with  which  demand  levels  may  be  calculated 
is  subject  to  restriction.  If  this  were  not  so,  the  stock 
levels  could  change  with  each  demand  and  a great  deal  of 
money  would  be  wasted  in  constant  transportation  of  stock 
to  and  from  the  depot  to  support  changing  levels. 
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Changes  to  demand  levels  will  not  be 
made  more  frequently  than  once  each 
90  days  with  the  following  exceptions* 

(1) Approval  of  major  command  (2)  Date 
of  last  demand  exceeds  365  days  for 
reducing  a level  to  0 (3)  ’A'hen  the 

second  demand  occurs. 

(Ref  8«1,11,L) 

Not  all  levels  are  calculated  in  this  manner. 
Occasioally,  special  levels  are  used  in  lieu  of  the  cal- 
culated levels.  "Special  levels  provide  a means  whereby 
base  stock  levels  may  be  adjusted  in  consideration  of 
factors  or  events  where  usage  experience  is  not  the  best 
predictor  of  future  needs."  (Ref  8*  1,11,8a)  If,  for  ex- 
ample, a large  increase  in  the  flying  hours  program  were 
planned,  this  might  warrant  the  establishment  of  a 
special  level.  The  use  of  special  levels  is  discouraged 
unless  justified  since  they  "may  result  in  the  degradation 
of  support  to  other  bases  whose  levels  are  based  on  demand 
experience."  (Ref  8jl,ll,8g)  Special  levels  are  not 
necessarily  additive  to  other  authorized  levels.  They  are 
a means  of  excluding  the  authorized  stockage  from  being 
supported  by  a history  of  demand. 

This  completes  the  description  of  reparable  items 
computation  which  is  used  by  the  bases  to  establish  stockage 
levels.  It  should  be  noted  that  the  procedure  as  described 
tends  to  dampen  fluctuations  in  stock  levels  as  well  as  the 
frequency  of  levels  changes.  This  provides  for  somewhat 
smoother  variations  in  these  levels  than  might  otherwise  be 
expected. 

The  following  section  will  describe  the  manner  in  which 
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stockage  for  consiomable  (non-reparable)  items  is  determined. 

EOQ  Item  Levels 

The  Air  Force  stocks  consumable  items  based  on  the 
Economic  Order  Quantity  (EOQ)  concept.  Under  this  concept, 
orders  are  given  to  the  depot  in  batches.  Recall  that  for 
reparable  items  orders  were  placed  on  the  depot  as  soon  as 
a level  was  authorized  and  thereafter  as  often  as  necessary 
to  maintain  that  level.  For  consxjmables,  the  demands  are 
accumulated  into  Economic  Order  Quantities  prior  to  the  sub- 
mission of  a replenishment  requisition  to  the  depot.  The 
purpose  of  this  is  to  minimize  total  variable  cost  of 
operations  (Ref  Atchl) . 

For  Repair  Cycle  items,  the  Requisitioning  Objective 
(RO)  was  made  up  of  O&ST  stock.  Repair  Cycle  stock.  Safety 
Level  stock  and  WRM.  Only  two  elements  are  involved  in  the 
RO  for  EOQ  items.  For  these  items,  the  RO  is  made  up  of  the 
Re-order  Point  Level  and  the  Economic  Order  Quantity. 

R0=R0P+E0Q  (3) 

The  HOP  is  very  similar  to  the  authorized  level  for  Repair 
Cycle  items.  However,  since  consumable  items,  by  definition, 
are  not  repaired,  no  expression  for  Repair  Cycle  Quantity 
appears  in  the  expression. 

R0P=0STQ+SLQ  (4) 

where  OSTQ=Order  and  Ship  Time 
SLQ=Safety  Level  Quantity 
K=1 

The  Safety  Level  expression  alone  provides  for  a minimum  of 


Quanti tv=DDRxOS  T 
=Max  [kV30STQ,DDRx15] 
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15  days  worth  of  buffer  stock  to  account  for  random 
fluctuations  in  demand  and  OST  (Ref  8«  1,11,7b). 

When  the  stock  on  hand  falls  to  the  re-order  point,  a 
demand  is  placed  on  the  depot  for  replenishment.  The  size 
of  this  replenishment  order  is  the  Economic  Order  Quantity. 
Its  value  is  calculated  as  follows: 

EOQ  in  dollars  = 4.4  V (5) 

where  V = value  of  annual  demand  = 365  * ^DR  x Unit  Price 

and  EOQ  in  units  = Max  [ ^ 3°  . (6) 

* 

The  meaning  of  the  constant  ,4.4,  in  the  EOQ  equation 
(5)  is  not  specified  in  AFM  67-I.  However,  the  Air  Force 
EOQ  policy  stems  from  the  Wilson  lot  size  formula: 


where  Q = Economic  Order  Quantity  (units)  ■ 

A = Ordering  costs  (dollars)'"  ' ' 

D = Annual  demands  (\mits/year) 
a = holding  cost  factor 
c = item  cost  (dollars/unit) 

(Ref  9‘  243-249) 

Equating  the  Air  Force  formula  with  the  Wilson  lot  size 
equation  (7) 


] 


The  constant  in  the  Air  Force  equation  is  seen  to  he  based 
on  an  assumption  that  the  ratio  of  ordering  costs  to  the  . 
holdingT' cost  factor  is  9- 68, 

If  OST  and  DDR  were  deterministic,  the  EOQ  replenishment 
would  appear  as  in  Fig.  3. 


Slope  = DDR 


Order  Order  Order 


Fig^  3.  EOQ  Concept 

Certain  restrictions  apply  to  the  establishment  and 
elimination  of  EOQ  item  stock  levels  (ROP's).  In  order  to 
establish  a demand  level,  a prescribed  number  of  demands  must 
have  been  recorded  in  the  past  365  days.  The  required 
number  depends  on  the  stockage  priority  code  (SPC).  This 
code  is  used  as  "a  decision  element  in  determining  the 
niimber  of  demands  that  an  item  must  experience  in  a 365  day 
time  period  prior  to  the  establishment  of  a demand  level" 

(Ref  10 « 2,11,19)*  SPC's  are  assigned  on  the  basis  of 
urgency  of  need;  any  item  which  had  caused  a NORS  condition 
would  be  assigned  an  SPC  of  1.  The  number  of  demands  re- 


quired  in  the  last  365  days  by  Stockage  Priority  Code  (SPC) 


is  as  shovm  in  Table  I. 


Table  I 


Stockage  Priority  Codes 
SPC  DMDS 


(Ref  8:1,11,17) 

An  EOQ  item  may  be  eliminated  from  stock  whenever  there 

have  been  no  demands  reported  in  the  past  year. 

Demand  levels  ajid  re-order  levels 
for  EOQ  items  will  be  recomputed 
once  each  90  days  or  when: 

1)  the  re-order  level  is 
reached  2)  the  date  of  last  de- 
mand exceeds  365  days  3)  "the  item 
qualifies  for  stockage  (as  described 
above)  4)  directed  by  the  major 
command.  8:1,11,31) 

The  EOQ  and  reparable  items  computations  presented  here 
represent  the  logic  by  which  base  stock  levels  are  determined. 
The  actual  calculations  are  made  using  an  automated 
system  at  the  base.  Although  cost  is  a factor  in  determining 
the  Economic  Order  Quantity,  neither  EOQ  nor  reparable  item 
levels  calculations  give  consideration  to  cost.  Thus  the 
''ystems  currently  used  for  establishing  authorized  base 
levels  do  not  provide  the  maximum  support  possible  from 
a given  level  of  investment.  Some  other  scheme  of  stockage 
might  be  able  to  provide  more  support  from  the  same  investment. 
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We  will  next  examine  a method  which  is  capable  of  pro- 
viding the  maximum  amount  of  one  measure  of  support  for 


a specified  investment. 

METRIC 

The  Multi-Echelon  Technique  for  Recoverable  Item 
Control  (METRIC)  was  designed  for  the  Air  Force  by  the 
RAND  Corp.  (Ref  4) . Its  "p\irpose  is  to  optimise  system 
performance  for  specified  levels  of  system  investment" 

(Ref  4j2).  The  technique  used  in  METRIC  has  been  applied 
to  many  more  complex  follow  on  systems  (Ref  5i  Ref  H?  Ref  12). 
A derivative  of  METRIC  known  as  the  D028  has  been  proposed 
for  establishing  stock  levels  at  the  bases  (Ref  I3).  Since 
METRIC  is  the  basic  technique  used  in  these  systems,  a 
brief  review  of  some  of  its  features  will  be  instructive. 

METRIC  attempts  to  minimize  the  siam  of  expected  back- 
orders for  all  items  at  all  bases  subject  to  a budget 
constraint.  The  term  backorder  as  used  by  RAND  means  that 
there  is  an  "unstaisfied  demand  at  base  level,  e.g.  a 
recoverable  item  is  missing  from  an  aircraft."  (Ref  4j6) 

The  Air  Force  definition  of  backorder  is  " an  obligation, 
assTimed  and  recorded  by  any  supply  echelon,  to  issue  at  a 
subsequent  date  a requisitioned  item  which  was  not  immediate- 
ly available  for  supply."  (Ref  8«  1-9)  METRIC  restricts 
the  Air  Force  definition  to  the  lowest  echelon. 


J 
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The  backorder  criteria  which  METRIC  optimizes  is  the 
expected  value  of  the  niamber  of  backorders  in  existence  at 
a random  point  in  time. 

B(s)  = y (X-s)P(X|A.T)  (10) 

X=i+1 

where  B(s)  = expected  backorders  as  a function  of  stock  level 
s = the  level  of  stocks 

P(X|X.T)  - the  compound  Poisson  probability  density 
for  a mean  customer  rate  ) T 

(Ref  ktlk) 

The  optimization  problem  solved  by  METRIC  is 


Minimize  » « 

11=  <=ii) 

(ID 

Subject  to 

(12) 

C.  S.  . = K 

1 ij 

1 ^ 0^1y2|...n 

J ~ 0yly2y...m 


where  S.  . = stock  of  item  i at  base  j 
^ J 

Cj^  = unit  cost  of  ith  item 

B (S-^j)  = expected  backorders  for  the  ith  part  at  base  j 

K = budget  limitation. 

The  solution  to  this  problem  is  obtained  by  calculating 
expected  backorders  for  all  combinations  of  stockage  among 
the  bases  aind  depot.  Following  this,  a marginaul  allocation 
of  items  to  locations  is  made  on  the  basis  of  maximum  re- 
duction in  backorders  per  dollar  invested.  Although  this 
technique  will  minimize  expected  backorders  for  a given 
budget,  the  effect  of  this  on  aircraft  readiness  is  not 
clear. 
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NORS  vs  Backorders 

If  all  items  were  essential  for  mission  performance, 
then  every  backorder  would  result  in  a NORS  condition  on  an 
aircraft  (either  NORSF  or  NORSG) . However,  because  of  the 
strict  requirements  a requisition  must  meet  to  be  classified 
as  NORS,  every  backorder  does  not  result  in  a NORS  requisition. 

The  necessary  requirements  for  a requisition  to  be  classified 
as  NORS  were  explained  earlier  in  the  definitions  of  NORS. 

Since  an  item  must  not  be  available  on  the  base — even  in 
base  repair — the  part  may  be  missing  from  the  aircraft  for 
a period  equal  to  the  base  repair  cycle  time  without 
causing  a NORS  as  reported  in  the  supply  system. 

If  all  items  were  essential  for  mission  performance, 

(i.e.  no  redundancies  or  non-mission  essential  equipment), 
then  every  backorder  would  result  in  aircraft  readiness 
degradation.  However,  every  backorder  would  not  result  in 
a NORS  requisition.  Recall  from  the  definition  of  NORS 
that  strict  requirements  must  be  met  before  an  item  is 
ordered  as  NORS.  An  item  may  be  missing  from  an  aircraft, 

(a  backorder  exists),  but  if  the  item  can  be  repaired  at 
the  base  without  ordering  repair  parts,  the  supply  system 
would  not  record  a NORS.  It  should  be  pointed  out  that 
for  readiness  reporting,  this  time  would  also  not  be  re- 
corded  as  NORS  time.  Because  the  required  part  was  being 
repaired  at  the  base,  the  associated  aircraft  would  be 
classified  as  Not  Operationally  Ready- Maintenance  (NORM) . 

The  backorder  as  a measure  of  supply  system  performance  i 
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overlaps  two  readiness  measures — NORS  and  NORM.  The  supply 
measure,  NORS,  and  the  readiness  measure,  NORS,  are  the  same. 

This  concludes  the  presentation  of  background  material. 
With  a basic  imderstanding  of  base  level  stocking  policy 
and  NORS,  we  can  now  pursue  a means  for  improving  readiness. 


When  methods  for  improving  aircraft  availability  via 
the  supply  system  are  considered,  various  approaches  are 
available.  Some  of  these  are«  i)  decrease  order  and  ship 
time,  2)  decrease  depot  repair  cycle  time,  3)  increase 
depot  stockage,  4)  increase  base  stockage.  It  is  the  latter 
area,  increasing  base  stockage,  which  this  study  will 
consider. 

Of  course,  if  there  were  an  unlimited  supply  of  all 
items  at  every  base,  there  would  be  no  NORS  problem.  Un- 
fortunately, the  reality  of  budget  limitations  negates  this 
possibility.  Any  impT’ovement  in  NORS  through  additional 
stockage  requires  that  the  benefit  derived  be  of  greater 
value  than  the  cost  of  the  additional  stockage.  This 
chapter  will  provide  a basic  understanding  of  the  way  in 
which  the  addition  of  items  at  bases  reduces  the  expected 
aircraft  degradation. 

The  Impact  of  Additional  Stockage 

Numerous  measures  of  supply  system  performance  are 
available.  In  this  section  we  will  examine  the  impact  of 
additional  stockage  on  two  of  these  measures — backorders 
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emd  NORS. 

A NORS  condition  at  a base  for  a single  item  has  been 


hypothetically  constructed  for  a six  day  period  in  Fig.  4. 
Each  shaded  block  in  the  figure  represents  a NORS  condition 
for  one  aircraft  as  reported  for  the  six  day  period.  Count- 
ing the  nximber  of  quarter  days  in  which  0,1,  and  2 aircraft 
are  down,  it  is  possible  to  determine  the  degradation 
attributable  to  this  item.  For  the  situation  depicted 
in  the  top  half  of  Fig.  4,  this  degradation  is  as  shown  in 
Table  II. 

Table  II 

Initial  Aircraft  Degradation 
# of  aircraft  down  ^ of  period 

0 5/24 

1 10/24 

2 7/24 

3 2/24 
Now  if  an  additional  item  had  been  available  at  the 
beginning  of  the  six  day  period,  the  NORS  condition 
would  have  been  as  depicted  in  the  lower  half  of 

Fig.  4.  The  unit  which . normally  woiild  have  been  used  to 
alleviate  the  first  NORS  situation  can  now  be  used  to  prevent 
the  second  NORS  condition  and  so  forth  throughout  the  period. 
The  result  is  that  the  percentage  of  time  for  which  no  air- 
craft are  down  increases  by  10/24.  This  is  an  improvement 
equal  to  the  percentage  of  time  for  which  one  aircraft  was 
down  prior  to  the  addition  of  the  extra  part.  The  resultant 
degradation  after  adding  the  additional  part  can  be  seen  in 
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Table  III. 


Table  III 

Degradation  After  Adding  Item 

# of  aircraft  down  of  period 

0 15/24 

1 7/24 

2 2/24 

3 0 

The  same  reasoning  leads  to  the  potential  benefits  in  terms 
of  increased  aircraft  availability  for  the  addition  of  two, 
three,  etc.  peirts. 

Ex-pec  ted  Backorders 

A measure  of  supply  system  performance  similar  to  item 
NORS  is  base  backorders.  This  is  the  measure  used  in  the 
Multi  Echelon  Technique  for  Recoverable  Item  Control  (METRIC) 
(Ref  4)  which  is  the  basis  for  the  Air  Force  D041  Require- 
ments Computation  System.  As  defined  for  METRIC,  " a 
backorder  exists  at  a point  in  time  if,  and  only  if,  there 
is  an  unsatisfied  demand  at  base  level, e.g.  a recoverable 
item  is  missing  on  an  aircraft."  (Ref  4«6)  The  METRIC 
expression  for  backorders  at  a base  at  a random  point  in 
time  is 

P0 

B (S)  = y(X-S)P(X  I T)  (13) 

X=s-H 

where  S is  the  base  stock  level  and  P(x|^T)  is  the 
probability  distribution  of  demands  which  relate  tc  back- 
orders. P(x|/(.T)  is  not  a function  of  the  base  stock  level 
(S)  for  the  item.  Now  if  we  stock  an  additiomd.  item  at 


the  base,  we  can  use  this  expression  to  determine  the 
corresponding  change  in  backorders » 

B(S+1)-B(S)  = ^ (X-S-l)P(X  |;(,T)  - 


X(X-S)P(X^T) 


= P(S+2)+2P(S+3)+3P(S+4)+4P(S+5)+. . 
P(S+1)-2P(S+2)-3P(S+3)-4P(S+4) 


oo 


P(S+i) 


So  the  gain  in  expected  backorders  made  by  stocking  one 
extra  part  would  be  equal  to  the  s\im  of  the  probabilities 
of  there  being  1,2, etc.  backorders  prior  to  the  addition 
of  the  part.  By  similar  reasoning,  we  find  that  the 
benefit,  in  expected  backorder  terms,  for  stocking  two 
extra  parts  is 

•OO  oo 

B(S+2)-B(S)  =-  i;p(s+i)±  i;p(s+i)  (15; 

.i=l  i=2 


or  the  probability  of  there  being  any  backorders  before 
the  addition  of  the  items  plus  the  probability  of  there 
being  two  or  more.  The  benefit  of  adding  the  kth  part. 


then,  is  just 


-^P(S+i) 


Expected  NORS 

To  obtain  a practical  appreciation  for  these  results 
we  will  again  use  Fig. 4. 
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If  we  regard  the  top  half  of  Fig.  4.  as  a probability  dis- 
tribution for  NORS,  we  have  the  distribution  shown  in 
Table  IV  just  as  before. 

Table  IV 


NORS  Probability  Distribution 
# NORS  Prob. 

0 5/24 

1 10/24 

2 7/24 

3 • 2/24 

Talcing  the  expectation  of  this  distribution,  we  find 

E(NORS)  = 0(5/24)+1(10/24)+2(7/24)+  (17) 

3(2/24)  = 30/24 

After  adding  an  additional  item,  the  preceding  discussion 
would  indicate  that  the  improvement  in  expected  NORS 
should  be 


P(N0RS2  1)  = 10/24+7/24+2/24  = 19/24  (18) 

Table  V represents  the  distribution  of  NORS  after  adding 
the  part. 


Table  V 

P(NORS)  With  Additional  Part 
#N0RS  Prob. 

0 15/24 

1 7/24 

2 2/24 

Talcing  the  expectation,  we  find 

E(NORS)  = 1(7/24) +2 (2/24)  = 11/24  (19) 

which  is  an  improvement  in  the  expected  number  of  NORS  air- 


'i 
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craft  of  30/24-11/24  = 19/24  as  suggested  (Eq  18). 

This  discussion  has  shown  that  if  we  know  the  NORS 
posture,  as  in  the  example  above,  or  the  backorder  posture, 
as  in  the  earlier  analytical  example,  then  we  can  make 
statements  about  what  that  posture  would  be  if  we  stocked 
£in  additional  quantity  of  a given  item  at  a base.  It 
wo\ild  seem  that  all  we  need  then  is  a means  of  reconstruct- 
ing the  NORS  history  for  each  item  \^t  each  base.  With  this 

\ 

information  we  could  begin  to  make  iiiiprovements . In  doing 
so,  we  would  not  want  to  stock  aigainst  abnormal  occurrences. 
If  an  increase  in  NORS  were  due  to  a temporary  increase  in 
depot  repair  cycle  time, for  example,  it  would  not  be  wise 
to  stock  an  additional  item  at  the  base.  By  the  time  we 
learned  of  the  increase  in  depot  repair  time  through  re- 
ported NORS  and  decided  to  increase  stockage,  the  repair 
cycle  time  could  be  back  to  normal.  Likewise,  we  would 
not  want  to  observe  a limited  period  of  NORS  and  stock 
against  the  high  part  of  a cycle.  Thus,  we  must  limit  the 
search  to  items  for  which  a level  is  stocked  that  allows 
NORS  to  persist. 

The  NORS  which  additional  stockage  must  remove  is  what 
we  shall  call  the  ambient  NORS  levels.  This  is  a level  of 
NORS  which  would  exist  even  if  there  were  no  anomalies  in 
the  response  time  by  the  depot.  This  is  the  NORS  which 
base  stockage  policy  allows  to  exist. 
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Investigation  of  NORS  Data 

In  order  to  examine  the  ambient  NORS  level,  NORS  data 
covering  an  eight  month  period  for  the  A7D  aircraft  was 
used.  This  data  represented  every  item  NORS  event  which 
had  been  terminated  during  the  period  1 Oct  1976  through 
3^  May  1977*  The  data  was  collected  from  the  DI65B  depot 
level  data  system. 

In  order  to  determine  whether  an  ambient  level  could 
be  discerned,  the  data  was  divided  into  three  parts 
corresponding  to  the  quarters  of  the  year.  Then  for  each 
stock  numbered  item  reported,  the  number  of  NORS  occurrences 
in  each  quarter  was  counted.  An  ambient  level  was  defined 
to  exist  if  there  was  at  least  one  NORS  in  the  fourth 
quarter  of  1976  and  one  in  the  second  quarter  of  1977*  This 
definition  was  used  to  see  to  what  degree  the  data  reflected 
persistent  or  ambient  NORS  problems.  Table  VI  shows  the 
results  of  this  examination  for  bases  reporting  NORS  on 
ten  or  more  different  stock  niimbers  (NSN's).  The  bases  are 
represented  by  the  supply  account  code  from  the  document 
number  of  the  NORS  requisition  as  reported  in  the  DI65 
data  system. 

An  average  of  less  than  two  percent  of  the  stock 
numbers  causing  NORS  passed  this  test  for  ambient  levels. 

The  highest  level  of  ambient  NORS  was  at  FB4877  where  6.895 
of  the  items  passed  the  test.  If  there  v/ere  truly  an 
ambient  level  reflected  in  the  data,  a larger  quantity  of 
the  items  would  be  expected  to  have  passed  the  test.  It  is 

l: 
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conceivable  that  many  of  these  which  did  pass  are  simply 
the  items  for  which  the  depot  is  experiencing  unusual  re- 
pair or  procurement  problems.  This  test  indicated  that  if 
an  ambient  level  were  present,  it  was  not  readily  evident 
in  the  data. 

Table  VI 
NORS  Behavior 


# NSNs  # NSNs 

Base  Passing  Ambient  Failing  Ambient 
Level  Test  Level  Test 


FB2586 

0 

11 

FB2805' 

0 

72 

FB2823 

FBkeok 

1 

0 

31 

22 

Fb4805 

11 

316 

FB4806 

11 

326 

FB4810 

1 

37 

FB4852 

0 

36 

FB4877 

22 

322 

FB526O 

0 

107 

FB6022 

4 

75 

FB606I 

3 

118 

FB6141 

0 

50 

FB63II 

3 

165 

FB6354 

0 

128 

FB638I 

2 

15^ 

FB6401 

1 

87 

FB6540 

0 

87 

If  many  of  the  items  had  very  low  demand  rates,  eight 
months  of  data  might  be  insufficient  to  detect  an  ambient 
NORS  level.  The  initial  screening  of  the  A7  data  indicated 
that  31*3?^  of  the  NORS  incidents  were  caused  by  items 
which  the  bases  did  not  stock.  We  know  from  base  stockage 
policy  that  an  item  must  have  had  two  demands  in  365  days 
to  qualify  for  stockage.  Thus,  this  31.3?t  of  the  NORS 
events  were  caused  by  items  which  were  recorded  in  the 
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base  supply  system  as  having  a daily  demand  rate  of  less 
than  0.005^.  Fiirther  investigation  of  the  A?  data  showed 
that  non-stock  items  accounted  for  1481  of  I768  different 
NSN's  causing  NORSG  events.  Since  a very  insignificant 
part  of  the  reported  NORS  was  a result  of  low  demand  items, 
a very  large  amount  of  data  would  have  to  be  obtained  to 
approach  the  ambient  level  from  the  standpoint  of  a re- 
construction of  NORS  history. 

It  has  been  shown  that  if  the  future  NORS  could  be 
estimated,  a predictable  improvement  could  be  made  by 
additional  stockage.  It  has  also  been  shown  that  a deter- 
mination of  expected  NORS  cannot  be  had  from  the  eight 
months  of  data  which  was  examined.  Although  we  cannot 
obtain  an  empirical  estimate  for  expected  NORS  from  only 
eight  months  of  data,  as  explained,  another  alternative  is 
available.  The  next  chapter  will  discuss  the  development 
of  an  analytical  expression  for  expected  NORS. 
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CHAPTER  IV. 


DETERMINATION  OF  EXPECTED  NORS 


Introduction 

It  has  now  been  demonstrated  that  if  item  NORS  events 
could  be  predicted  accurately,  additional  stocks  could  be 
used  to  reduce  or  eliminate  these  occurrences.  Furthermore, 
the  exact  reduction  in  NORS  could  be  determined  prior  to 
addition  of  stocks.  If  this  could  be  related  to  readiness, 
it  would  permit  the  aJ-location  of  funds  to  additional  stock- 
age  in  an  optimal  way.  It  was  also  demonstrated  that 
empirical  NORS  data  was  not  an  accurate  source  of-  information 
on  the  underlying  or  simbient  NORS  level.  It  is  only  this 
ambient  level  which  would  be  expected  to  exist  at  some  future 
time.  Thus,  a method  for  predicting  the  expected  NORS  is 
needed. 

We  will  require  that  the  expression  for  expected  NORS 
correspond  to  the  Air  Force  definition  used  in  classifying  a 
requisition  as  NORS.  Recall  that  this  classification  ex- 
cluded items  in  the  repair  cycle  (except  those  classified 
AWP).  We  shall  define  a NORS  as  a condition  in  which  an 
item  is  demanded;  the  item  is  NRTS;  and  either  no  level  is 
authorized  or  the  stocks  authorized  are  not  available. 
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Derivation  of  the  Expression  for  Expected  NORS 


The  stock  to  support  the  authorized  level  may  be  in 
one  of  three  places:  on  hand,  on  order,  or  in  maintenance. 

Level  = On  hand  + On  order  * In  maintenance  (20) 

By  definition,  we  know  that  a NORS  exists  when  the  non- 
reparable demand  at  some  point  in  time  is  greater  than  the 
available  stock  at  the  base  excluding  that  in  repair. 

Thus,  NORS  = 1 when  Djj(t)  = L - QQ(t)  + 1 (21) 

Dj^(t)  = NORS  demand  at  time  t 

L = authorized  stock  level 

QQ(t)  = quantity  on  order  at  time  t 

Then  NORS  = n when  Djj(t)=L-QQ(t)+n  (22) 

so  P(N0RS  = n)  = P^Djj(t)  + QQ(t)j  = L + n.  (23) 

Now  if  we  assume  that  the  mean  time  between  failures  (MTBF) 
of  an  item  is  distributed  according  to  an  exponentiail 
distribution  with  mean  l/l/,  then  the  number  of  failures  of 
that  item  per  unit  time  has  a Poisson  distribution  with 
meant/.  When  the  failures  of  n like  items  are  pooled  to 
determine  the  demand  at  the  base,  this  demand  is  also  dis- 
tributed as  a Poisson  distribution.  The  mean  of  this  base 
demand  distribution  is  simply  the  sum  of  the  means  of  the 
individual  item  demand  distributions  or  nV  . We  shall  call 
this  the  Daily  Demand  Rate  ( A* ) . 

If  N%  of  the  failed  items  are  not  base  reparable,  then 
the  average  rate  of  items  returned  to  the  depot  is  nA.. 
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VJe  will  assume  that  this  is  also  represented  by  a Poisson 

process.  Then  the  probability  that  the  demand  is  X in  a 

given  period  of  time  t is 

P(Dj^  = X)  = (24) 

X I 

If  the  time  to  satisfy  a NRTS  demand  is  9 then  any  demands 
which  occiirred  earlier  than  t-0  ^11  have  been  satisfied  by  t. 
Thus,  only  the  demands  occurring  between  t and  t-0  can  cause 
NORS.  The  probability  of  a NORS  can  now  be  expressed  as 

P(N0RS=n)  = p[Dj^(t-9,t)  = L+n] 

= (ra9)^'^e-^Q  ^25) 

(L+n) I 

From  this  we  obtain  the  following  expression  for  expected  NORS 

oo 

E(NORS)  =V  n(rtl9)^e'^^  (26) 

/ ~ (L+n) i 

This  expression  represents  the  expected  nimber  of  items 
reported  as  NORS  on  a given  day.  This  does  not  represent 
the  numberof  NORS  occurrences  on  a given  day  but  the  niimber 
of  NORS  requisitions  outstanding. 

Now,  if  we  know  the  daily  demand  rate  (A.) , the  NRTS  rate 
(N),  the  average  time  to  satisfy  a demand  (9),  and  the  base 
stock  level  L we  have  a means  of  arriving  at  the  ambient  NORS 
level.  For  items  which  experience  delay  at  the  depot,  0 will  be 
greater  than  OST;  but  for  many  items  for  which  the  NORS  is  ter- 
minated by  other  than  depot  action  (Table  XI),  6 will  be  less 
than  OST.  Therefore,  OST  will  be  used  as  ain  approximation  for 
6.  As  a result  of  a theorem  attributed  to  Palm(Ref  I4i392) 
it  is  not  necessary  that  6 be  deterministic.  If  we  know  the 
mean  of  0 the  same  result  is  obtained  in  the  steady  state. 
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Base  Levels 


We  cannot  know  L exactly  for  each  base.  However, 

since  we  know  the  base  stocking  policy,  we  have  a means  of 

estimating  its  value.  From  equation  (2) 

L = A(N»+(1-N)R)  +V3  A(Ne+(l-N)R)  (2?) 

where  R = Base  Repair  Cycle  Time  (RCT) 

A = Daily  Demand  Rate 
e = OST 
N = NRTS  rate 
L = base  stock  level 

With  these  expressions  (Eq  26,  Eq  2?),  the  value  of 
expected  NORS  can  be  calculated.  Fig.  10.  is  a plot  of 
expected  NORS  days  per  year  (E(NORS) *365)  as  a function  of 
Daily  Demand  Rate.  As  Daily  Demand  Rate  increases,  the  ex- 
pected NORS  is  seen  to  rise  to  a maximm  and  then  decrease 
sharply.  The  points  where  the  sharp  decreases  occur  are 
those  where  the  base  stock  levels  increase  by  one.  This 
demonstrates  the  effect  of  adding  additional  stocks  at  the 
base.  Figure  5*  depicts  the  behavior  of  expected  NORS  for 
an  item  with  a low  NRTS  rate.  In  this  case,  the  base  stocking 
policy  is  seen  to  do  a good  job  of  preventing  NORS  after  the 
item  qualifies  for  stockage. 

NORS  Sensitivity  Analysis 

Figures  5»6,7,8  and  9 show  the  sensitivity  of  expected 
NORS  to  NRTS  rate.  As  the  NRTS  rate  increases,  the  value 
of  expected  NORS  displays  a wider  variation.  (Note  that  there 
is  a change  of  scale  between  Figs.  5 and  6 and  between  Figs. 

6 and  7 • ) When  demand  rate  is  low — until  the  item  qualifies 
for  base  stockage — the  expected  NORS  is  equivalent  to  the 
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portion  of  daily  demand  which  is  NRTS.  Notice  from  the  ex- 
pression for  expected  NORS  (£q  26)  that,  when  L is  0,  the 
expected  vstiue  is  just  that  of  the  Poisson  distribution 
or  nAo.  Thus,  expected  NORS  for  non-stocked  items  is 
simply  the  NRTS  demand  (nA)  which  has  occurred  in  the  last 
6 days. 

The  effect  of  increasing  Order  and  Ship  time  was  also 
examined.  In  Figure  10,  the  Order  and  Ship  time  has  been 
increased  to  31  days  from  its  previous  value  of  15.  The 
other  parameters  in  Fig.  10  are  the  same  as  they  were  in 
Fig.  6.  Notice  in  Fig.  10  that  the  expected  NORS  has  in- 

i 

creased  for  all  DDR.  Also,  more  changes  in  base  stock 
levels  are  observed. 

In  general,  the  base  stockage  policy  works  better  for 
items  with  low  NRTS  than  for  ones  with  high  NRTS  rates. 
Ftirthermore,  this  analysis  indicates  that  the  base  stockage 
policy  provides  more  protection  for  items  with  low  OST  than 
it  does  for  items  which  have  high  OST.  Although  graphs  are 
not  presented  here,  the  effect  of  ROT  on  NORS  is  much  less 
than  that  of  OST.  Notice  that  RCT  appears  in  the  expected 
NORS  equation  (Eq  26)  only  as  an  element  in  determining 
base  stock  levels.  The  range  of  interest  of  RCT  is  generally 
smaller  than  is  the  range  for  OST  values.  AFM  67-1  defines 
default  values  for  RCT  when  actual  values  are  not  known. 

These  default  values,  as  explained  in  the  background  dis- 
cussion, are  either  6 or  9 days.  Standards  for  OST,  as  de- 
fined by  AFM  67-1,  range  from  8 to  days  (Ref  8«  Atch  A-3). 
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Using  the  expression  developed  above  for  NORS,  we  csui 
now  estimate  the  potential  for  improvement  as  a result  of 
adding  stocks.  This  improvement  is  the  difference  between 
expected  NORS  when  an  additional  part  is  added  and  expected 
NORS  prior  to  the  addition. 

= E(NORS|S=L+i-l)  - E(NORSl S=L+i)  (28) 

where  = Benefit  from  adding  the  ith  part 

S = Total  base  stock  level 

L = Estimated  base  stock  level 

1 ~ iy2|... 

With  this  expression  for  expected  benefit,  a marginal  analysis 
could  be  used  to  obtain  the  maximiun  benefit  for  a given 
investment. 

Since  levels  and  demand  rates  would  be  different  for 
each  item  at  each  base,  the  benefit  would  have  to  be  deter- 
mined by  item  by  base.  Once  this  has  been  done, the  benefit 
is  divided  by  the  price,  to  place  all  items  in  terms  of 
benefit/dollar  invested.  Then  we  begin  to  invest.  The 
first  item  selected  is  the  one  having  the  highest  benefit 
per  dollar  and  so  on  until  the  budget  constraint  is  reached. 
This  procedure  provides  the  maximum  retvirn  on  investment. 

We  now  have  an  optimal  procedure  to  reduce  NORS 
through  additional  stockage.  The  NORS  to  which  the  method 
applies  is  the  type  we  have  referred  to  as  item  NORS.  Since 
the  relationship  of  these  NORS  to  operational  aircraft  is 
not  readily  apparent,  an  investigation  of ' this  relation  will 
be;. made 'in  the  following  chapter. 
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Quite  often,  management  focus  is  placed  on  the  re- 
duction of  NORS.  The  goal  of  these  efforts  is  to  improve 
fleet  readiness.  In  order  to  obtain  this  goal,  NORS  as  a 
measure  of  supply  system  performance  is  frequently  used. 

This  chapter  will  investigate  the  comparison  of  the  goal 
of  improvement  in  NORS  as  used  by  the  logistician  with 
NORS  as  used  by  those  concerned  with  overall  fleet  readi- 
ness. 

When  an  aircraft  is  not  operationally  ready,  some 
impairment  in  mission  performance  capability  is  indicated. 

If  this  impairment  is  for  want  of  a spau*e  paurt,  the  aircraft 
is  cad-led  NORS.  Likewise,  the  requisition  for  the  needed 
item  is  known  as  a NORS  requisition.  NORS  conditions  may 
be  either  flyable  (NORSP)  or  grounding  (NORSG) . If  they 
are  grounding,  then  ad.1  mission  capability  of  the  aircraft 
is  lost.  Flyable  NORS,  however,  indicates  only  a pairtial 
mission  deterioration. 

When  am  aircraift  is  NORSG,  it  cannot  perform  any  of 
its  missions.  As  far  as  mission  capability  is  concerned, 


it  madces  no  difference  whether  the  condition  is  caused  by 
one  part  or  ten.  Exactly  one  aircraft  will  not  be  operation- 


al  until  the  needed  items  are  obtained.  If  there  were 
ten  items  missing,  the  supply  system  would  be  concerned 
with  ten  NORS  items  while  the  readiness  system  would 
indicate  only  one  NORS  aircraft. 

NORSF  as  a measure  of  readiness  is  not  as  straight- 
forward as  is  NORSG.  The  relationship  is  similar  in  that 
multiple  items  may  be  causing  the  reporting  of  one  NORS 
aircraft.  However,  the  amount  of  readiness  degradation 
caused  by  a particular  NORSF  item  is  not  as  clear  as  with 
NORSG.  If  one  item  is  NORSG  on  an  aircraft,  then  it  is 
certain  that  the  aircraft  degradation  attributable  to  that 
item  is  the  "worth"  of  one  aircraft.  All  that  can  be  said 
about  NORSF  is  that  the  degradation  is  something  less  than 
one  aircraft.  The  situation  becomes  even  more  complicated 
when  two  or  more  items  are  both  missing  from  an  aircraft. 

If  the  items  are  both  grounding,  they  can  be  thought  to 
contribute  equal  amoimts  to  the  degradation.  However,  if 
they  are  NORSF, then  it  is  difficult  to  determine  exactly 
what  the  degradation  attributable  to  each  is.  Since  more 
than  one  NORSF  condition  can  exist  simultaneously  on  the 
same  aircraft,  the  allocation  of  degradation  (were  some 
known  percentage  of  aircraft  worth  associated  with  a part- 
icular mission  capability)  to  a particular  item  can  be  only 
Arbitrary. 

Using  eight  months  of  NORS  requisition  history  for  the 
A7D  aircraft,  the  relationship  between  grounded  aircraft 
and  NORS  items  was  investigated.  Figure  11  shows  an  example 
of  a situation  in  which  a single  aircraft  (tail  number 
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Fig.  11.  Overlapping  NORS 


indicated  in  upper  right  hand  comer  of  figure)  was 
groTinded  for  more  than  one  item  at  the  same  time.  The  lines 
in  the  figure  represent  separate  NORS  occurrences.  The 
occurrence  begins  at  a point  in  time  corresponding  to  the 
start  of  the  line  and  its  duration  is  indicated  by  the  length 
of  the  line.  The  letters  correspond  to- NORS  cause  codes  and 
the  numbers  to  NORS  termination  codes  (App  A) . 

The  appearance  of  overlapping  NORS  conditions  can  be 
a result  of  different  conditions.  First,  the  overlapping 
NORS  conditions  may  represent  simviltaneous  failures  of 
items  as  seen  on  the  right  side  of  Fig.  12.  These  could  be 
the  simultaneous  occurrence  of  unrelated  failures,  eil though 
the  likelihood  of  this  is  vindoubtedly  small.  A more 
plausible  explanation  would  be  that  the  random  failure  of 
one  of  the  items  resulted  in  the  failure  of  the  others. 
Additionally,  these  simultaneous  events  might  be  the  result 
of  crash  damage. 

A different  way  in  which  overlaps  could  occur  is  also 
depicted  in  Figures  11  and  12.  Here,  the  second  NORS  occurs 
some  significant  amount  of  time  after  the  occurrence  of  the 
first.  Recall  that  these  aire  grounding  NORS  conditions. 

Thus,  the  second  NORS  occurrence  must  represent  the  situation 
in  which  an  item  fails  on  a non-flyable  aircraft;  the  supply 
system  does  not  have  the  needed  part.  Even  if  the  mainten- 
ance facility  at  the  base  has  enough  spare  time  to  perform 
in  depth  preventive  type  maintenance  inspections  on  ground- 
ed aircraft,  the  likelihood  of  a NORS  discovery  resulting  is 
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Fig.  12.  Overlapping  and  Simultaneous  NORS 


still  small. 

Another  explanation  for  this  type  of  overlap  is  that 
the  second  NORS  occurring  on  the  aircraft  was  a result  of 
a cannibalization  on  this  aircraft  to  repair  another  NORS 
aircraft.  It  is  unlikely  that  the  item  would  be  cannibal- 
ized unless  the  aircraft  needing  that  part  was  NORS.  If 
another  aircraft  needed  the  part  but  was  not  NORS,  the 
implication  is  that  the  part  was  reasonably  available  at 
the  base.  Therefore,  an  overlap  like  that  shown  in  Fig.  11. 
very  possibly  represents  a cannibalization.  This  possibility 
becomes  even  stronger  when  it  is  noted  that  cannibalizations 
comprise  24.6?6  of  the  total  NORS  incidents  for  the  A?  (AppA). 

NORS  data  covering  the  period  1 October  1976  through 
31  May  1977  was  used  to  examine  the  nature  of  simultaneous 
and  overlapping  NORSG  events.  This  data  represented  9123 
NORSG  incidents  and  a total  of  569 i 839  hours.  Because  of 
the  overlapping  nature  of  these  events  as  described  above, 
only  some  fraction  of  these  events  and  hours  would  represent 
actual  inoperable  aircraft. 

The  beginning  times  for  NORS  events  were  determined 
from  three  data  elements  in  the  DI65B  data  base.  Using  the 
termination  date,  the  termination  hour,  amd  the  total  hours 
for  which  the  condition  persisted,  the  NORS  history  of  the 
A7  was  reconstructed.  It  was  from  this  history  that  the 
overlapping  NORS  lines  were  constructed.  Because  of  missing 
information  for  stop  hour  and  start  hour  (the  start  hour 
was  used  as  an  alternative  means  of  discerning  the  time  line). 
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1200  hours  was  assvuned  for  approximately  of  the  events. 
The  calculation  of  time  lines  was  made  for  both  G and  F 
NORS;  missing  hour  codes  were  found  in  4,946  of  the  11,970 
reports.  Additionally,  3^7  of  the  records  were  not  used 
due  to  the  presence  of  non-numeric  data  in  niuneric  fields. 
Using  the  reconstructed  NORS  history,  the  magnitude  of 
simultaneous  occurrences  was  examined.  Because  of  the 
necessity  to  estimate  the  starting  hour  for  such  a large 
fraction  of  the  total  NORS,  a broad  definition  of 
simultaneous  events  was  used  in  this  analysis.  Events  were 
said  to  be  simultaneous  if  the  starting  time  of  the  second 
and  subsequent  events  was  within  12  hours  of  the  first 
event.  Additionally,  events  reported  as  having  0 total 
hours  were  considered  not  to  be  simultaneous  with  or  to 
overlap  any  other  event. 

After  eliminating  the  records  with  0 total  hoxics 
reported  for  an  event,  4,265  NORSG  events  remained  to  be 
examined.  This  represented  data  on  591  different  aircraft. 
The  program  which  examined  this  data  considered  each  group 
of  simultaneous  events  as  one  overlapping  event.  With  the 
cutoff  for  simviltaneous  events  set  at  the  12  hour  criterion 
mentioned  above,  the  following  distribution  of  simultaneous 
events  was  noted « 


• • 

18  1 

Number  of  overlaps  =1190 


2152  of  the  (29) 

counted  as  one  over- 


lap, there  were 

1190  - ( 

i=2 

= 474  non- simultaneous  overlaps. 

This  leaves  4265  - 2152  - 474  = I639  of  the  events  as  non- 
overlapping, non- simultaneous  occurrences. 

It  was  suggested  eairlier  that  the  474  non- simultaneous 
overlapping  events  represent  cannibalization  to  prevent  or 
end  NORS  conditions  oh  another  aircraft.  If  this  is  true, 
then  474  + 1639  = 2113  of  the  NORS  aircraft  could  have  been 
repaired  by  having  only  one  spare  part  available.  This  is 


00 

1 # Occurrences^) =716 


The  simultaneous  events  accounted  for 

vX) 


i=< 
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events.  Since  each  simultaneous  event 
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equivalent  to  saying  that  a reduction  in  supply  NORS  of  one 
} hour  will  result  in  an  increase  in  aircraft  availability 

I of  1/2  hour  (.^95  hours).  The  assumption  inherent  here 

I 

j is  that  the  average  time  to  satisfy  a requisition  for  an 

I item  involved  in  a simultaneous  occurrence  is  the  same  as 

that  required  for  non- simultaneous  events.  There  is  no 
! reason  to  doubt  that  this  is  true.  This  assumption  should 

not  be  too  restrictive.  To  violate  the  assumption,  items 
' would  have  to  fail  in  non-random  fashion  and  all  be  either 

j 

out  of  stock  or  non-stocked. 

This  analysis  was  repeated  using  5 hours  and  24  hours 
as  the  definition  for  simultaneous  events.  The  results 
were « 

Table  VIII 

Acft  NORS  vs  Supply  NORS 

1 

Definition  of  Acft  NORS  hovirs 

Simultaneous  Supply  NORS  ho\irs 

5 hrs  .549 

12  hrs  .495 

24  hrs  .411 

The  analysis  conducted  here  has  been  directed  at  ob- 
taining a better  understanding  of  the  relationship  between 
supply  NORS  and  operational  aircraft.  It  has  been  shown 
that  a reduction  of  approximately  two  grounding  NORS  hours 
as  reported  by  the  supply  system  will  result  in  an  increase 
in  aircraft  availability  of  one  hour  for  the  A7D. 
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CHAPTER  VI. 

IMPLEMENTING  THE  METHODOLOGY 

Introduction 

Thusfar,  an  expression  has  been  developed  which  provides 
a means  of  estimating  the  persistent  level  of  NORS  items  at 
bases.  A method  for  cost  effective  application  of  invest- 
ment to  reduce  these  NORS  was  explained.  The  investigation 
of  the  last  chapter  related  item  NORS  to  aircraft  NORS. 

We  can  now  proceed  to  implement  this  methodology  and  examine 
its  potential  when  used  with  actual  data. 

Establishing  RCT.  NRTS  and  OST 

Recall  that  expected  NORS  was  a function  of  OST,  RCT, 
NRTS  and  DDR.  In  order  to  calculate  expected  NORS,  we  must 
establish  the  value  of  these  parameters.  This  must  be  done 
for  each  item  at  each  base.  The  data  used  to  examine  the 
relationship  of  item  NORS  to  aircraft  NORS  can  be  used  to 
simplify  the  task.  Rather  than  estimate  levels  and  benefit 
for  every  reparable  item  in  the  inventory,  we  can  restrict 
the  search  for  investment  candidates  to  those  items  which 
caused  NORS.  Using  the  eight  months  of  DI65  data  we  used 
esurlier,  we  can  produce  a list  of  items  which  caused  NORS 
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on  the  A7D  over  an  eight  month  period.  This  list  should 
include  almost  all  items  which  have  a good  likelihood  of 
causing  NORS.  Only  those  items  with  low  annual  expected  NORS 
would  not  appear  on  the  list.  These  items  would  not  make 
good  candidates,  anyway,  since  the  potential  reduction  from 

f 

additional  stockage  would  he  relatively  small.  This  method 
of  restricting  the  search  will  reduce  the  computer  time 
required  and  result  in  a list  of  investments  which  relate  to 
the  empirical  data. 

The  method  requires  that  values  for  the  parameters  be 
known  for  each  base.  Since  there  is  currently  no  centralized 
system  for  managing  base  stock  levels,  the  required  data  is 
not  centrally  collected.  We  must  make  use  of  a centralized 
data  soTiTce  to  estimate  the  required  values.  The  D04l  data 
system  provides  a means  of  doing  this.  The  D04l  provides 
values  for  OST,  RCT,  and  NRTS.  In  most  cases,  these  values 
are  based  on  two  years  of  data.  Where  no  data  is  available, 
estimates  of  the  values  have  been  included.  There  should  be 
very  little  variation  in  the  value  of  OST  among  CONUS  bases. 
Similar  maintenance  capability  would  be  available  at  adl 
bases  so  that  NRTS  and  RCT  should  be  practically  the  same 
at  all  bases.  Item  characteristics  would  be  responsible 
for  the  major  differences  in  OST, RCT,  and  NRTS;  these 
characteristics  are  th«  same  for  all  bases  and  vary  only 
between  items.  Thus,  we  will  use  the  D04l  values  for  NRTS, 
OST  and  RCT  as  estimates  for  each  base. 
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Establishing  Daily  Demand  Rate 

Daily  demand  rate,  on  the  other  hand,  would  exhibit 
a wider  variablility  from  base  to  base.  Bases  which  possessed 
more  aircraft  would  tend  to  have  a higher  demand  rate  for 
items.  Also,  bases  which  had  a large  flying  hour  program, 
but  the  same  number  of  aircraft  would  have  higher  demand  rates. 

The  D04l  contains  a data  element  which  represents  the 
demand  rate  per  hiondred  flying  hours.  This  data  is  an 
exponential  smoothing  of  information  collected  for  the  pre- 
ceeding  two  year  period  (Ref  I5) • If  we  know  the  total 
flying  hour  program  for  a given  aircraft  type  (available  from 
the  GO33B  data  system)  for  a representative  period  and  the 
fraction  of  the  total  aircraft  in  the  fleet  which  are  possessed 
at  a peirticular  base,  then  we  can  estimate  the  base  daily 
demand  rate  for  an  item. 


A.,  H A.f 


(31) 


where  = Daily  demand  rate  at  base  j 

J 

A.  = Number  of  aircraft  at  base  j 
J 

H = Total  flying  hours  for  the  fleet  (himdreds) 

1 = Length  of  the  period  to  which  H applies 

= Demand  per  hundred  flying  hours 
as  fovind  in  the  D04l  data  base  represents  failures  per 
installed  program  hour  for  a single  item.  For  some  items, 
the  quantity  per  application  (QPA)  may  be  greater  than  one 
(more  than  one  of  the  item  used  on  each  aircraft).  Also,  not 
all  items  are  used  on  lOOJt  of  the  fleet.  When  either  of  the 
above  cases  is  true,  Af  should  be  modified  accordingly. 
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(32) 


Af  =Af  * QPA  * Jt  Fleet 
where  = adjusted  demand/flying  hour 


In  order  to  establish  the  number  of  siircraft  at  any 
given  base,  the  DI65B  data  may  again  be  used.  If  we 
assiime  that  the  total  fraction  of  aircraft  experiencing 
NORS  in  eight  months  at  a base  is  the  same  for  all  bases, 


then 


(33) 


where  N.  = Aircraift  reporting  NORS  in  an  eight  month  period. 
J 

The  information  for  the  right  hand  side  of  Eq  (33)  can  be 
had  from  the  DI65B  simply  by  counting  the  number  of  aircraft 
reporting  NORS  by  base. 


Automated  Implementation 

By  combining  data  from  the  DI65B,  Do4l  and  GO33B  data 
systems  to  determine  expected  NORS,  we  can  implement  the 
cost  effective  NORS  reduction  methodology  discussed 
earlier.  Figure  I3.  is  a flow  diagram  for  a system  which 
implements  the  methodology.  The  input  to  the  system  is  the 
records  extracted  from  the  DI65B  system  for  the  aircraft 
type  under  study.  From  this,  the  number  of  aircraft  re- 
porting NORS  at  each  base  and  a list  of  items  causing 
grounding  NORS  for  the  particular  aircraft  type  are  deter- 
mined. The  list  of  potential  candidates  is  used  to  obtain 
Unit  Price,  0ST,)<RCT,  NRTS  and  Demand  per  flying  hoxir  in- 
formation from  the  D04l  system.  Using  this  with  the  air- 
craft counts  at  each  base,  and  the  flying  hours  per  day  for 
this  aircraft  type  from  the  GO33B,  expected  NORS  can  be 
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I calculated.  This  is  done  for  each  item  at  each  hase.  In 

( 

I 

t 

order  to  limit  the  volume  of  output,  the  program  which 
►.  implements  this  flow  chart  (App  B)  ceases  to  compute  expect- 

; ed  benefit  from  additional  items  when  the  expected  NORS 

reduction  falls  below  0.5  days/year.  This  figure  is  divided 
by  unit  price  to  obtain  a value  of  this  NORS  reduction  per 

- 

dollar.  Resulting  is  a file  containing  NORS  reduction  per 
dollar  by  item  by  base  for  adding  the  first,  second,  etc., 

♦ 

item  to  the  estimated  base  stockage  level.  The  file  is 
sorted  into  descending  expected  NORS  reductions  per  dollar 
invested  sequence.  With  this  sorted  file,  any  level  of 
investment  could  be  made  optimally.  This  would  be  done  by 
selecting  the  items  from  the  file  sequence  and  adding  an 
extra  item  to  the  authorized  level  at  the  indicated  base. 

Im-plementation  for  Multiple  Aircraft 

The  portion  of  the  flow  chart  in  Figure  1 3. -.discussed 
thusfar  provides  a means  of  optimal  investment.  However, 

• it  does  not  provide  an  appreciation  for  the  return  on  invest- 

ment. Such  an  appreciation  becomes  important  when  consider- 
ation is  given  to  stocking  items  for  more  than  one  aircraft. 

In  the  comparison  of  item  NORS  to  aircraft  NORS,  it  was  seen 
that  the  ratio  was  approximately  2il.  Multiplying  the  expect- 
ed NORS  reduction  per  dollar  by  i then  provides  a better 
f estimate  of  the  true  benefit  from  each  dollar  invested.  This 

benefit  is  in  terms  of  additional  aircraft  days  to  be  had 
I per  year  for  the  extra  stockage.  Dividing  by  365  days  per 

i year  gives  a benefit  in  terms  of  aircraft  per  year.  This 
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"benefit  is  approximately  what  we  would  expect  to  gain  if  we 
stocked  the  indicated  item  at  the  indicated  base  for  a one 
year  period,.  If  the  value  of  owning  an  additional  aircraft 
for  one  year  could  he  estimated,  then  this  would  become  a 
mviltiplier  on  the  benefit  and  on  the  benefit  to  cost  ratio. 


B/C, 


ilj 


^ °-5 


(3^) 


where  B/C  = benefit  to  cost  ratio  for  stocking  the  1th  unit 
of  item  i at  base  j 

0.5  = ratio  of  NORS  items  to  NORS  aircraft 
R.  - . = NORS  reduction  by  stocking  the  1th  unit  of  item 
i at  base  j 

W.  = the  worth  of  having  an  additional  aircraft  of 
^ type  A for  one  year 
= unit  price  of  item  i 

So  long  as  only  one  aircraft  type  is  being  considered, 
can  have  a value  of  1.  When  multiple  aircraft  are  being 
considered  for  additional  stockage  investment,  the  values 
for  W^  must  be  determined. 

The  values  for  in  the  multiple  aircraft  problem  need 
not  be  actual  values  of  worth — only  relative  vsilues  of  worth. 

If  one  of  the  aircraft  under  consideration  were  assigned  a 
worth  of  1 and  the  others  assigned  worths  relative  to  this 
aircraft,  the  optimvim  ordering  of  investment  cadidates  would 
be  ins\ired.  Only  if  one  is  interested  in  benefit  to  cost 
ratios  which  are  exactly  correct,  in  addition  to  providing 
proper  investment  ordering,  need  the  actual  worths  be  deter- 
mined. 

Improving  ^ Estimates 

The  method  as  implemented  here  assumed  that  QPA  was  one 
and  that  the  items  investigated  were  used  on  100%  of  the  fleet. 
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If  the  item  were  actually  used  on  less  than  lOOfJ  of  the 
fleet,  the  Daily  Demand  Rate  which  was  calculated  would  be 
too  high.  Likewise,  if  QPA  were  actually  more  than  one,  the 
calculated  demand  rate  would  be  too  low.  QPA  and  ^ of 
fleet  are  contained  in  a section  of  the  D04l  data  base  which 
was  not  available  for  this  study.  If  these  data  elements 
were  obtained  and  used,  better  estimates  of  Daily  Demand 
Rates  and  thus  benefits  could  be  made. 

Bases  are  identified  in  the  DI65B  data  system  only  by 
the  supply  account  code  in  the  dociiment  niunber  of  the  NORS 
requisitions.  If  a cross  reference  of  these  supply  accoimts 
to  base  names  were  constructed,  the  estimates  for  demand  at 
bases  could  be  improved.  By  having  base  names,  data  could 
be  obtained  from  the  GO33B  data  system  which  would  reflect 
the  average  numbers  of  aircraft  possessed  at  each  base. 

These  figures  would  negate  the  necessity  for  estimating  the 
fraction  of  total  aircraft  at  a base  using  the  relationship 
in  Eq  (33).  Only  those  bases  which  actually  have  the  air- 
craft type  being  examined  would  then  be  considered  for  stock- 
age.  The  system  currently  used  considers  bases  where  aircraft 
were  grounded  regardless  of  whether  these  aircraift  were  actually 
stationed  there.  Because  the  number  of  aircraft  involved  in 
these  incidents  is  small  when  compared  to  the  total  number  of 
aircraft,  calculated  demsuid  rates  are  extremely  small.  Thus, 
for  the  bases  which  actually  own  no  aircraft,  it  is  very 
unlikely  that  the  algorithm  would  ever  recommend  additional 
stockage.  Adding  the  cross  reference  of  bases 
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j to  supply  accounts  discussed  here  would  relieve  the  necessity 

! for  assuming  that  the  proportion  of  aircraft  stationed  at  a 

I base  which  experience  NORS  is  constant  from  base  to  base. 


Recall  that  predicted  improvements  are  based  on  estimated 
base  stock  levels.  The  recommendation  made  by  the  system  is 
to  add  one  of  a particular  item  to  the  authorized  stock  level 
at  a stated  base.  Buying  the  part  without  the  accompanying 
increase  in  authorized  level  would  result  in  the  item  being 
returned  to  the  depot.  Increasing  the  authorized  level  with- 
out buying  an  extra  item  would  resiilt  in  a depletion  of  depot 
stocks  by  one.  Presumably,  after  some  delay,  the  depot  would 
increase  its  stockage  to  the  old  level  through  procurement. 

However,  during  the  interim  period,  increased  depot  response 
times  might  be  experienced  which  would  cause  degradation  at 
all  bases.  To  avoid  this, the  item  should  be  purchased  at  the 
time  the  level  is  increased.  If  during  implementation  it  is 
discovered  that  the  level  at  the  base  is  already  at  the  re- 
quired level,  no  additional  stockage  is  required.  The  base 
would  have  aJ.ready  prevented  the  expected  NORS. 

We  have  presented  here  an  automated  method  for  implement- 
ation of  the  methodology.  We  have  also  discussed  some  possible 
improvements  in  the  estimates  and  the  manner  of  obtaining  the 
predicted  benefits.  The  potential  benefit  from  implementation 

i 

t 

of  this  system  will  now  be  examined. 
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CHAPTER  VII. 

EXAMINATION  OF  POTENTIAL 

I 

i 

i 

i Introduction 

i Data  for  this  study  was  collected  and  examined  for 

' different  aircraft  types.  They  w«re  the  A7,  Fill,  FBlll, 

1 and  B52.  The  data  for  a particular  aircraft  type  included 

1 

, gd.1  models  of  that  aircraft  used  by  the  Air  Force.  For 

example,  data  on  the  Fill  included  that  concerning  the  A, 

D,  E,  and  F models.  The  items  causing  groxinding  NORS  on 

1 

these  aircraft  during  the  period  1 Oct  76  through  3I  May  77 
; were  examined  using  the  methodology  presented  in  the  previous 

chapters . 

Results 

Figure  14  shows  an  output  product  of  the  system  for  the 
A7  aircraft.  This  is  the  first  part  of  a listing  of  the 
recommended  investment  candidates  for  the  A7  in  descending 
sequence  of  benefit  to  cost  ratio.  The  benefit  is  in  terms 
of  NORS  days  per  year  to  be  had  from  stocking  the  level 
indicated  as  the  required  level  (REQ  LVL) . This  benefit  is 
in  terms  of  supply  NORS  improvements.  Approximately  ^0%  of 
this  improvement  could  be  expected  in  aircraft  NORS  or 
readiness.  The  base  where  the  stocks  are  to  be  placed  is 
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Fig.  14.  Sample  Output  for  A7D 
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listed  on  the  left  as  the  supply  accovint.  The  stock  nvunber 
is  the  Master  Stock  Nvunber  of  the  item.  The  column  labeled 
EST  LVL  is  the  stock  level  which  the  system  estimated  to  be 
authorized  based  on  the  OST,  RCT,  NETS  and  demand  rate 
indicated.  The  demand  rate  was  that  calculated  for  a 
particular  base . 

There  are  several  observations  to  be  made  regarding 
Fig.  14.  As  would  be  expected,  good  investment  candidates 
are  those  with  fairly  low  vinit  prices.  Also,  most  of  the 
items  at  the  top  of  the  list  have  low  demand  rates.  In  fact, 
the  system  calculated  i:hat  levels  would  already  exist  for 
only  three  of  the  first  40  items.  Only  10^  of  the  top  350 
investments  had  values  other  than  0 for  the  estimated  level. 

This  result  is  not  unexpected.  The  initial  screening  of  the 
A?  data  indicated  that  44.7J5  of  all  NORS  hours  were  caused 
by  non-stocked  items  (App  A) . Since  the  demand  rates  for 
these  items  are  so  low,  it  is  quite  conceivable  that  they 
were  not  detected  at  multiple  bases  for  the  eight  month 
history  examined.  Even  though  the  problem  was  not  reported 
at  multiple  bases,  the  system  directs  stockage  at  all  bases 
where  it  is  beneficial  to  do  so.  Another  factor  of  interest 
in  Fig.  14.  is  that  the  best  investments  in  general  have 
high  NETS  rates.  The  lowest  rate  found  in  the  top  350 
investment  candidates  for  the  A7  was  359^- 

An  appreciation  for  the  potential  of  this  system  when 
applied  to  a particular  aircraft  type  can  be  gained  by  look- 
ing at  Fig.  15.  This  figure  is  a plot  of  benefit  in  readiness 
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terms  against  investment  in  additional  spares  required  to  ob- 
tain that  benefit.  The  benefit  in  this  figure  is  in  terms  of 
additionally  ready  aircraft  days.  By  investing  an  amount 
indicated  on  the  horizontal  axis,  an  increase  in  aircraft  days 
as  indicated  on  the  vertical  axis  can  be  expected.  For  ex- 
ample, by  purchasing  the  first  $14,000  worth  of  the  B52  list, 
a savings  of  approximately  1100  B52  NORS  days/year  is 
possible.  The  1100  days  of  aircraft  availability  is 
approximately  equal  to  owning  three  additional  B52's  which 
experience  no  NORS.  If  B52’s  could  be  purchased  for  $13*2 
million  (the  average  cost  of  B52G  and  B52  H)  (Ref  16),  then 
the  value  of  the  benefit  accrued  would  be  $39*6  million  for 
an  investment  of  only  $14,000.  This  represents  a cost  to 
benefit  ratio  of  2829. 

For  the  other  aircraft  examined,  somewhat  less  benefit 
could  be  gained  through  additional  stocks.  The  potential 
for  these  aircraft,  however,  was  still  significant.  The 
FBlll  indicated  the  smallest  potential  return  on  a given 
investment.  For  an  investment  of  $15,000  in  the  recommended 
additional  stockage  for  the  FBlll,  a readiness  improvement 
equivalent  to  approximately  one  FBlll  could  be  made.  If  an 
FBlll  could  be  purchased  for  $12.6  million  (Ref  16),  then 
this  readiness  improvement  represents  a return  of  $840/dollar 
invested.  Although  the  benefit  to  cost  ratio  is  lower,  the 
FBlll  still  has  many  attractive  investment  candidates. 
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Combined  Investment 

When  the  benefits  in  terms  of  individueJ.  aircraft  were 
examined,  the  system  demonstrated  potential.  If  we  desired 
to  improve  readiness  among  all  aircraft  in  an  optimal 
manner,  a relative  value  weighting  of  aircraft  would  be 
required.  Although  it  is  not  clear  that  the  worth  of  an 
aircraft  is  its  purchase  price,  the  costs  of  the  aircraft 
are  one  means  of  assigning  relative  values.  Table  IX  shows 
the  costs  of  the  aircraft  types  studied  here. 


Table  IX 
Aircraft  Costs 


Acft 

Cost 

A7D 

3.0 

B52G 

12.3 

B52H 

14.1 

FlllA 

11.0 

FlllD 

13.5 

FlllE 

12.6 

FlllF 

13.8 

FBlllA 

12.6 

(millions) 


Combining  the  data  for  all  four  aircraft  types  and  using 
cost  as  a measure  of  worth.  Fig.  16.  is  obtained.  It  is  a 
plot  of  dollar  value  of  aircraft  gained  by  a given  investment. 
An  investment  of  $20,000  returns  50  million  dollars  worth  of 
aircraft  to  operationally  ready  status;  an  investment  of 
$150,000  returns  155  million  dollars  worth. 


Recommendations 

The  results  discussed  above  indicate  that  the  judicious 
investment  in  additional  stock  at  selected  bases  is  a worth- 
while approach  to  readiness  improvement.  The  results 
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I presented  do  not  claim  to  be  exact,  only  to  demonstrate 

potential.  Because  of  this  potential,  it  is  recommended 
that  t 

i 1.  Data  for  the  refined  parameter  estimates  suggested 

j in  Chapter  6 be  obtained. 

2.  A cross  reference  of  supply  accomts  to  bases  be 

i 

! included . 

’ 3.  Data  be  collected  on  other  aircraft  for  determination 

of  additional  stockage  candidates. 

4.  A test  of  the  system  be  made.  This  test  could  be 

I 

made  as  follows t a)  select  one  of  the  studied  aircraft; 
b)  choose  two  approximately  identical  bases;  c)  invest 
some  dollar  amount  according  to  the  recommended  list  at 
one  base,  using  the  other  base  as  the  Control;  d)  compare 
the  NORS  for  the  two  bases  at  the  end  of  a specified  period. 
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CHAPTER  VIII. 


AREAS  FOR  FURTHER  RESEARCH 

This  study  considered  only  the  improvements  possible 
through  additional  reparable  item  stockage.  It  is  expected 
that  excellent  benefits  could  be  obtained  from  a similar 
approach  with  EOQ  items.  Because  of  their  relatively  lower 
cost,  EOQ  items  could  make  even  better  investments  than  the 
reparables.  If  data  for  OST  and  demand  rate  for  EOQ  items 
could  be  obtained,  an  approach  similar  to  that  developed 
in  this  paper  could  be  used. 

Another  area  which  warrants  additional  study  is  that  of 
leveling  the  stocks  among  the  bases.  If  the  expected  NORS 
were  calculated  for  stock  levels  less  than  the  estimated 
level,  this  information  might  be  used  to  obtain  benefit  for 
only  the  redistribution  costs  involved.  By  moving  stocks 
one  at  a time  from  the  base  which  would  be  hurt  the  least 
to  the  base  which  would  be  helped  the  most,  an  optimal  re- 
distribution of  stocks  covild  be  made. 

It  is  conceivable  to  develop  a system  for  continuous 
improvement  of  the  NORS  situation.  If  a system  for  leveling 
among  bases  were  combined  with  the  optimal  stocking  method 
described  in  this  paper,  regular  improvements  could  be  made. 
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On  a periodic  basis  (e.g.  quarterly),  the  items  causing  NORS 
could  he  redistributed  and  additional  investment  made  to 
minimize  the  expected  NORS  at  all  bases.  The  base  stocking 
algorithm  would  continue  to  function  in  the  background  so 
that  bases  would  be  continuously  reviewing  levels.  All  of 
the  base  levels  which  indicated  a decrease  in  authorized 
stocks  would  be  permitted  to  do  so  except  those  for  which 
minimums  had  been  determined  by  the  optimal  stockage  scheme. 
Continued  application  of  this  method  would  drive  the  stock 
levels  at  all  bases  toward  an  optimum  position  from  a NORS 
standpoint. 

A final  area  which  should  be  studied  is  the  base  stock- 
ing policy.  The  performance  of  the  current  base  policy  as 
well  as  alternative  policies  should  be  considered.  By  using 
various  performance  measiires  such  as  the  expected  NORS 
criteria  of  this  paper  or  the  expected  backorder  criteria 
of  METRIC,  a better  policy  might  be  found. 
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CHAPTER  XI.  SUMMARY 


This  study  has  examined  the  potential  for  improving 
readiness  by  selective  investment  in  additional  spares.  An 
examination  of  the  relationship  between  additional  stocks 
and  decreased  NORS  was  made.  It  was  shown  that  the  decrease 
in  NORS  from  adding  stocks  could  be  predicted  if  the  ambient 
NORS  level  could  be  determined.  The  possibility  of  deriving 
the  ambient  levels  from  NORS  history  was  examined  and  reject- 

A 

ed.  In  order  to  predict  the  ambient  NORS  level,  an  expression 
for  the  expected  NORS  of  an  item  at  a base  was  derived. 

Using  this  expression  for  expected  NORS,  a method 
for  predicting  the  reduction  in  NORS  for  an  item  was 
developed.  This  reduction  was  then  related  to  readiness 
using  eight  months  of  data  for  the  A7D.  A marginal 
allocation  technique  was  described  which  directed  investment 
in  additional  stocks  to  specified  bases.  This  scheme  re- 
turns the  maximum  improvement  in  readiness  for  each  dolleu: 
invested. 

The  method  was  made  operational  using  information 
from  the  DI65B,  D041,  and  GO33B  data  systems.  It  was  found 
that  significant  improvement  in  readiness  could  be  had  for 
very  small  investments  in  selected  reparable  spares.  The 
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potential  for  improving  fleet  readiness  using  this  pro- 
cedure is  clearly  evident.  With  some  refinements • as 
suggested,  this  procedure  could  be  implemented  quickly  and 
inexpensively . 
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APPENDIX  A 


NORS  Summary  Data 


This  appendix  contains  summary  information  on  NORS 
incidents  for  five  different  aircraft  types.  Tables  X 
and  XI  provide  the  key  for  interpreting  the  NORS  summary 
tables  which  follow.  NORS  cause  codes  are  automatically 
assigned  by  the  base  computer  when  a NORS  requisition  is 
passed  to  the  depot.  Termination  codes  are  similarly 
assigned  when  the  required  item  is  obtained.  The  termination 
codes  are  determined  from  the  routing  identifier  code  (RIC) 
on  the  documentation  received  with  the  item.  An  explanation 
of  the  logic  used  in  assigning  the  codes  can  be  found  in 
AFM  67-1  (Ref  10 1 6-101,  6-102). 

The  data  collected  here  was  tallied  from  the  DI65B 
data  tapes  while  they  were  being  converted  to  GDC  format. 
Approximately  5^  of  the  original  data  was  unusable  due  to 
alphabetic  entries  in  numeric  fields. 
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Table  X 

NORS  Cause  Codes 


) A No  stock  level  established — no  demand  of  reparable 

. prior  to  this  request.  This  code  is  assigned  to 

! change/transfer  of  stop  cards  under  program  control 

when  t^e  stock  record  account  is  E or  K. 

B No  stock  level  established — past  demand  or  reparable 
i generation  experience  but  AF  base  stockage  policy 

j precludes  establishing  a level. 

) 

I C Item  manage r/sys tern  manager  will  not  authorize  a 

; level. 

: D Base  decision  not  to  stock  level. 

I F Full  base  stock — depth  of  stock  insufficient  to  meet 

I NORS/ANORS/Due-out  requirement. 

G Full  base  stock,  quantity  necessary  to  satisfy  this 
1 requirement  is  in  AWP  status. 

I H Less  than  full  base  stock — stock  replenishment  re- 

quisition exceeds  priority  group  UMMIPS  standards. 

j 

I J Less  than  full  base  stock — stock  replenishment  re- 

quisition does  not  exceed  priority  group  UMBUPS 
I standareds. 

K Less  than  full  base  stock — no  due-in  established. 

R Full  base  stock — assets  cannot  be  used  to  satisfy 

this  requirement;  i.e.  DIFM  in  process,  deployed  MSK, 
or  inaccessible  supply  point  balance. 

Y Data  not  available  on  manually  prepared  stock  cards 
due  to  computer  down  for  unscheduled  maintenance. 

Z Syste^Commodity  received  without  NORS/ANORS  item 

(initial  shortage). 


Table  XI 

NORS  Delete  (Termination)  Code 

1 Received  from  AIX3 

2 Received  from  DSA/Other  services 

3 Satisfied  through  lateral  support 

4 Cannibalization  used  to  preclude  the  NORS  occurrence 

5 Receipt  of  base  procured  item 

6 Received  from  base  assets 

7 WRM  asset  has  been  used  to  meet  the  requirement 

8 Cannibalization  used  to  satisfy  the  NORS  requirement 

9 Reported  in  error 

0 Cancellation  of  NORS  when  codes  1-9  do  not  apply 
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Table  XII 
Fill  Data  Summary 


Category 

Occurrences 

96 

Hours 

% 

Hrs/Occ 

GNORS 

21302 

94.9 

967412 

87.5 

45.4 

FNORS 

Total 

1152 

22454 

5.1 

I38I30 

1105542 

12.5 

119.9 

49.2 

Terminations 

1 

3319 

14.8 

662200 

59.9 

199.5 

2 

1185 

5.3 

172360 

15.6 

1^5.5 

3 

441 

2.0 

30202 

2.7 

68.5 

4 

3700 

16.5 

0 

0.0 

0.0 

5 

27 

0.1 

5397 

0.5 

199.9 

6 

281 

1.3 

33358 

3.0 

118. 7 

7 

10977 

48.9 

11769 

1.1 

1.1 

8 

1446 

6.4 

123219 

11.1 

85.2 

9 

599 

2.7 

0 

0.0 

0.0 

0 

479 

2.1 

67037 

6.1 

140.0 

Cause  Codes 


A 

2266 

10.1 

224069 

20.3 

B 

1946 

8.7 

156156 

14.4 

C 

0 

0.0 

0 

0.0 

D 

0 

0.0 

0 

0.0 

F 

4 

0.0 

404 

0.0 

G 

4621 

20.6 

6193 

0.5 

H 

9707 

43.2 

578951 

52.4 

J 

2319 

10.3 

83987 

7.6 

K 

1333 

5.9 

32587 

2.9 

R 

242 

1.1 

21096 

1.9 

Y 

0 

0.0 

0 

0.0 

Z 

16 

0.0 

2099 

0.2 
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Table  XIII 


FBI 11  Data  Summary 


Category  Occiarrences 

Hours 

% 

Hrs/Occ 

GNORS 

2837 

69.3 

22837^ 

57.2 

80.5 

FNORS 

1259 

30.7 

170561 

42.8 

135.5 

Total 

4096 

398935 

97  A 

Terminations 

1 

1451 

35.3 

197312 

49.3 

136.0 

2 

349 

8.5 

51779 

12.9 

148.4 

3 

677 

16.5 

37260 

9.3 

55-0 

4 

52 

1.2 

0 

0.0 

0.0 

5 

21 

0.5 

3935 

1.0 

187.4 

6 

108 

2.6 

7621 

1.9 

70.6 

7 

19 

0.5 

137 

0.0 

7.2 

8 

984 

24.0 

871 67 

21.8 

88.6 

9 

280 

6.8 

0 

0.0 

0.0 

0 

164 

4.0 

15029 

3.8 

91.6 

Cause  Codes 

A 

971 

23.7 

85090 

21.3 

B 

561 

13.7 

49957 

12.5 

C 

0 

0.0 

0 

0.0 

D 

0 

0.0 

0 

0.0 

F 

2 

0.0 

225 

0.0 

G 

54 

1.3 

3192 

0.8 

H 

1664 

40.5 

202977 

50.7 

J 

581 

14.2 

375^9 

9.4 

K 

124 

3.0 

10370 

2.6 

R 

135 

3.3 

10514 

2.6 

Y 

0 

0.0 

0 

0.0 

Z 

13 

0.3 

366 

0.1 

Table  XIV 
BO52  Data  Svunmary 


Category  Occurrences 

% 

Hours 

95 

GNORS 

11706 

50.3 

823709 

46.8 

FNORS 

H572 

49.7 

936647 

53.2 

Total 

23278 

1760356 

Terminations 

1 

8747 

37.6 

985244 

56.0 

2 

1468 

6.3 

180704 

10.3 

3 

3143 

13.5 

186403 

10.6 

4 

617 

2.7 

0 

0.0 

5 

236 

1.0 

11513 

0.6 

6 

640 

2.8 

54017 

3.1 

7 

1944 

8.4 

809 

0.0 

8 

5107 

21.9 

288991 

16.4 

9 

726 

3.0 

0 

0.0 

0 

659 

2.8 

52891 

3.0 

Cause  Codes 

A 

404 

17.3 

367427 

20.9 

B 

2916 

12.5 

229752 

13.0 

C 

9 

0.0 

1419 

0.1 

D 

4 

0.0 

337 

0.0 

F 

6 

0.0 

1229 

0.1 

G 

1418 

6.1 

91002 

5.2 

H 

9389 

40.3 

724904 

41.2 

J 

3907 

16.8 

231917 

13.2 

K 

647 

2.8 

42687 

2.4 

R 

919 

3.9 

67074 

3.8 

Y 

0 

0.0 

0 

0.0 

Z 

32 

0.1 

2824 

0.1 

Hrs/Occ 

70.4 

80.9 

75.6 


112.6 

125.1 

59.3 
0.0 

48.8 

84.4 
0.4 

56.6 

0.0 

80.3 
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Table  XV 

A7D  Data  Summary 


Category  Occiirrences 

Ho\irs 

% 

Hrs/Occ 

GNORS 

9123 

76.0 

569839 

66.0 

62.5 

FNORS 

2847 

24.0 

290906 

34.0 

102.2 

Total 

11970 

860745 

71.9 

Terminations 

1 

2342 

19.6 

363178 

42.2 

155.1 

2 

1452 

12.1 

231056 

26.8 

159.1 

3 

725 

6.1 

59653 

7.0 

82.3 

4 

830 

6.9 

0 

0.0 

0.0 

5 

37 

0.3 

11499 

1.3 

310.8 

6 

247 

2.1 

25718 

3.0 

104.1 

7 

4168 

34.8 

6010 

0.7 

1.4 

8 

1222 

10.2 

119527 

13.9 

97.8 

9 

580 

4.8 

0 

0.0 

0.0 

0 

367 

3.1 

44104 

5.1 

120.2 

Cause  Codes 

• 

• 

A 

2349 

19.6 

258620 

30.0 

B 

1287 

10.7 

126581 

14.7 

C 

0 

0.0 

0 

0.0 

D 

0 

0.0 

0 

0.0 

P 

2 

0.2 

335 

0.0 

G 

1443 

12.1 

14572 

1.7 

H 

4466 

37.3 

289655 

33.7 

J 

1357 

11.3 

71230 

8.3 

K 

617 

5.1 

24205 

2.8 

R 

266 

2.2 

34373 

4.0 

Y 

1 

0.0 

171 

0.0 

Z 

.182 

1.5 

41003 

4.8 
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Table  XVI 
CI35  Data  Summary 


Category  Occurrences 

?6 

Hovirs 

!I6 

Hrs/Occ 

GNORS 

18524 

68.2 

976468 

68.5 

52.7 

FNORS 

8629 

31.8 

448960 

31.5 

52.0 

Total 

27153 

1425428 

52.5 

Terminations 

1 

6699 

24.6 

702144 

49.3 

104.8 

2 

2092 

7.7 

266246 

18.7 

127.3 

3 

3940 

14.5 

207873 

14.6 

52.8 

4 

552 

2.0 

0 

0.0 

0.0 

5 

226 

1.0 

17303 

1.2 

76.6 

6 

446 

1.6 

24470 

1.7 

54.9 

7 

8288 

30.5 

1985 

0.1 

0.2 

8 

3574 

13.1 

145871 

10.2 

40.8 

9 

726 

2.7 

0 

0.0 

0.0 

0 

623 

2.3 

59983 

4.2 

96.3 

Cause  Codes 

A 

5877 

21.6 

492433 

34.5 

B 

4342 

16.0 

323141 

22.7 

C 

4 

0.0 

181 

0.0 

D 

2 

0.0 

139 

0.0 

P 

8 

0.0 

981 

0.1 

G 

2948 

10.9 

33053 

2.3 

H 

8244 

30.3 

346357 

24.3 

J 

4336 

16.0 

142913 

10.0 

K 

557 

2.0 

19536 

1.4 

R 

814 

3.0 

60770 

4.3 

Y 

2 

0.0 

267 

0.0 

Z 

32 

0.1 

6104 

0.4 
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APPENDIX  B 


Computer  Programs  for  the  Optimal 
Investment  Algorithm 

These  programs  are  provided  as  a basis  for  continued 
work  using  the  method  presented  in  this  thesis.  Following 
the  progrsuns  is  a sample  job  stream  for  implementation  on 
the  Control  Data  Corporation  NOS/BE  Operating  System.  The 
The  programs  aire  written  so  as  to  be  easily  combined  into 
larger  logical  groupings.  They  were  written  in  small 
logical  steps  to  permit  much  of  the  operation  to  be  per- 
formed in  an  interactive  mode  where  core  memory  was 
restricted.  The  language  used  was  FORTRAN  IV  EXT. 
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‘J' 


il 

(■ 


f ' PROCAAIt  DAUSl(INPUTiOUTFUTiTAPEliTAPEZiTAPE3iTAPE4iTAPElZ) 

f ; INT-ECER  BASEiBASEHiSNfSNH 

5 . CALL  SI1S0RT(74) 

' CALL  SIIFlLE{"S0RT“f''F0RI1ATTED"i5LTAPElf"RE«IND") 

CAa  SHFlLE(''0UTPUT"."F0Ri1ATTED"i5LTAPE2i*REUIND") 

' CALL  SriKEUlBilrAfir-'DISPLAriA) 

! CALL  SrtKET(35ilf8i0i"OISPLAr>A) 

I ;i  CALL  SKERD 

^ ’ READ(Z»9BIIBASEiSN 

BASEH^BASE 
SNH^SN 
SHCNTM. 

II  READ  (Zi9ll)BA'3EiSN 

IF(EOF(Z).NE.0)CO  TO  31 
IF(BA3E.NE.BASEH)C0  TO  Zl 
IF(SN.KE.SNH>60  TO  ti 
CO  TO  10 

11  SNCNT^SRCHTM 

SMH-SI4 
60  TO  10 

Z0  URITEIBlBASEHiSNCNT 

sntot*sntot+sni;nt 

SRCNTM 
BASEH’BASE 
SKH^SN 
CO  TO  10 

30  WRITE  13) BASEHiSNCNT 

shtot-.sntot+sncnt 

ENDFILE  3 
REWIND  3 

PRINTii"  SERIAL  NUMBER  COUNT  COMPLETE  - TOTAL  OF  "tSNTOTi"  AC 
CFT" 

WRITEIIZISNTOT 
ENDFILE  IZ 
REWIND  IZ 
CALL  S«S0RT(74) 

, CALL  SnFlLE{"30RT"i"F0R(lATTED"i5LTAPEl. ''REWIND") 

CALL  SMF 1 LE 1 "OUTPUT" i "FORMATTED" » 5LT APEZ ."REWIND") 

CALL  SMKET(47iltl5i0t"DI3F'LAT".A) 

CALL  SHEND 

35  READ  (2.901)  CC.H3N1.H3N2.T0THRS 


BEST  AVAIUBLE  COPY 

i 

■ - I 

: 

I 


IF<E0F(Z).ME.I)C0  to  i>» 

IF(CC.NE."C")C0  to  35 

KSNIH^HSNI 

HSN2H=HSN2 

HSNCHTM 

HUM 

TSUH^TOTHRS 

TSURSQsTOTHRSi+Z. 

40  READIZi981)CCil13NI*OZiTOTHRS 
IF(E0F(2).)IEJ}C0  TO  &l 
IF(CC.NE."C“)CO  TO  40 

IFlHSNI.NE.nSHlK.OR.NSNZ.NE.nSNZHIGO  TO  50 
III--W+I. 

TSUHsTOTHRS+TSIJN 

TSUHSO=TSUHS(I+TOTHRS»»Z. 

CO  TO  40 

51  HS>ICNT*H3KCNT+1 
XBAR:TSUK/IN 
IFtZN.EO.lJCO  TO  55 
VRRs  I TSUhSO-TSUIlMZ . /XNl  / ( W- 1 . ) 

GO  TO  5& 

, 55  ■VRR--0. 

5i  URITEI4)  nSNlHinSNZHfXEARiVAR.XNiTSUN 
Xtl*l 

TSUH^TOTHRS  * 

TSUH3a*T0THRS»4Z. 

NSNIH^HSNI 
IISl(£H-t!SK 
CO  TO  40 

40  XeAR:<T3Un/XN 

VRRMT3U«SIJ-TSU«»f  Z. /XM)  / (XN-1 . ) 
URITE(4)RSNlH.I13NZHiXBARiVARiXNiTSUI1 
ENOFILE  4 
PRINT* 

PRlNT»i''  A TOTAL  OF  "iMSNCNT."  «3N'S  CAUSED  GNORS  ON  THIS  ACFT" 

rewind  4 

STOP 

M00  FORNATUTXiAGillXiAS) 

901  FORHAT(Al>45XrAt0iA5iZXrl4) 

END 


BEST  AVAILABLE  COPV 
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1 

I 


1 

1 


PROCRAn  3AUS2 ( INPUT • OUTPUT i TAPE4 i TAPES i TAPE6 i T APE7) 

REAL  NRTS 

a READ(4IN3NlHiNSN2HiXBARiVARrlINiTSlI)1 

IF(EOFI4).NEJ)CO  TO  104 

70  REAO(Si?0SIKSNtiNSN2iNON>UP>BRCTiO3TiOF?ITDRiNRTS 

IF(EOF(S).NE.0)GO  TO  100 
IFIN3NI.LT.N3NIHIC0  TO  70 
IFlNSNi.EQ.NSNlHlGO  TO  75 
IFINSNI.GT.NSNIHIGO  TO  80 

75  IF(NSN2.LT.NSN2H)C0  TO  70 

IFiKSNZ.EQ.NSN-ZHlGO  TO  90 
IFINSNZ.GT.NSN'ZHIGO  TO  80 
STOP  "ABEND  2" 

80  URITElGINSNlHtNSNZHiKBARtVAR.TNiTSIjn 

RE AD ( 4 1 NSN IH  r NSNZH  t TBAR • VAR i XN i TSUN 
IFIEOF(4I.NE.0)GO  TO  104 
IFINSNIH.EO.HSNI.ANO.NSNZH.EQ.NSNZIGO  TO  90- 
GO  TO  70 

90  NRITE(7)N3NlH>N3N2HiXBARiVARiXNiTSIJI1iN0t1iUPiBRCT.0STt0FI1TDRiNRTS 

GO  TO  &8 

100  URITE(8)N3NlHiNSN2H.I8ARiVAR>XNiT3lJll 

READ  1 4 1 NSN 1 H I N3N2K I XBAR • VAR I XN  t TSUn 
IF(EOF(4).EQ.0)GO  TO  100 

104  ENDFILE  B 

REMIND  B 
ENDFILE  7 
REUIND  7 
STOP 

905  FORnAT(A10iA5iA10iF9.2tF3.0rF2.0iF5.4.F3.2) 

END 
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PROCRAH  DAUS3 (INPUT .OUTPUT rTAPE3 . TAPE7iTAPE8 • TAPE12) 

REAL  NRTS 

' OlHENSION  DdlhANORStlll 
INFINMR 
READ  (121  SNTOT 
READf.EHPD 

111  READ(7)NSNlH.NSN2HiXeAR.VAR.](NiTS(JI1.NOniUPifiRCT.OSTiOFHTDR.NRTS 
1F(EOF(7).NE.0)CO  TO  150 

! lOST-OST 

INRTS:NRTStl00. 

IRCT^BRCT 
REWIND  3 

I : . 112  READ(3)  BASEH.SNCNT 

I IF(EOF(3I.NE.0)CO  TO  110 

i BSESZE^SNCNT/SNTOT 

i D0RA:0FNTDR»FHPDt&SE3ZE 

CORs  (NRTS»OSTt  ( 1 . -NRT3HBRCT)  ♦ODRA 
IF(CON.LT.0.)STOP  "NEC  CON" 

‘ XLVL=C0N*S0RT(3.iC0N)- 

'I  LVL=XLVL+.5 

IF(DbRA.LT.0.0054)LVL:0  . 

XLVL^LVL 

LVLOLDsLVL 

P*DDRA4NRTS*0ST 

; IF(P.LE.0ICO  TO  930 

0-EXP (P) 

Iri 

116  I*TM 

LVL-LVL+I-1 

^ EKOR3=0. 

, 00  120  JdtINFIN 

xLn--lvl+j 

ILM^XLN  . 

XN*J 

C1=XN4P44XLM 

C2=fl4FACT(ILNI 


A 
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AO-AO»0  765 


UNCLASSIFIED 


2 °^2 


AIR  force  INST  OF  TECH  WRI«HT-PATTeRSON  AFB  OHIO  SCH~CTC 
IMPROVIN0  readiness*  A COST-EFFEcTiVE  APPROACH, (U» 
dec  77  0 D DAWSON 


F/6  14/1 


AFIT/OOR/Sn/770-4 


4-78 


RAT»C1/C2 

IF(RAT.LT.l.fl£-3()C0.T0  IZli 
121  ENORS^ENORS^RAT 
1211  AN0RS(I):EH0R3f3&5. 

IF(I.LT.2)G0  TO  116 
IFd.CT.inCO  TO  121 
Od-n^ANORSd-D-ANORSd) 

IFIOIMI.CE.I.SICO  TO  116 
Ddll-l-l 

IFlDdll.LT.l.lCO  TO  112 
lO-Ddll 

IFdD.LE.lRlCO  TO  122 

121  PRINT  ?(6iN3HlHiNSNZH 
IDdO 

122  CONTINUE 

DO  131  KMfID 
LEVfiEO=LVLOLO+K 
IFlUP.CT.tlCO  TO  124 
ENP00L-.M999. 

CO  TO  131 

124  ENPDOL:D(K)/UP 

13f  URITE(8)NSNiHiN3N2HiNOn.lJP.TSUniD(K)iENPOOLiLVLOLOtLEVREOf 
C6A3EH • ODRA i lOST i INRTS • iRCT i ANOR3 ( 1 ) 

CO  TO  112  • 

151  ENDFILE  8 
REMIND  8 
STOP 

986  FORHAT(//.Ui "STOCK  f "iA18iA5i"  COMPUTED  HOPE  THAN  10  ADI  ITEMS"! 
907  FORMAT  (/id,  "UNABLE  TO  COMPUTE  MORS  FOR  "iAI0,A5,"  DORA=  "iF5.3, 
C"  MRTSs  ",F5.3,"  OST  s ",F6.2I 
930  PRINT  907iHSNIHiNSN2HiODfiA,MRTSiOST 

CO  TO  110 

END 

FUNCTION  FACT (dl) 

FACT*!. 

IFdlI.EO.DIRETURN 
/ DO  10  1*1,111 

1*1  • 

10  FACT*FACT#I 

RETURN. 

END 

f • 
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BESTAVAIUBLE.COPY 


i 


PROCRAn  SRT8 (INPUT lOUTPUT i TAPES i TAPE 101 

REUIND  8 

CALL  SnSGRT(lS0) 

CALL  SNFlLE(”S0RT"i"BINART"i5LTAPE8. "REMIND"! 
CALL  SHFILE("OiJTPUT"i’’BINART*i4LTAPE10f "REMIND"! 
CALL  S«KET(6lilil0.0i"FLOAT"f"O"» 

CAa  SNEND 
REMIND  II 
STOP 
END 


PROGRAM  DAIIS«l]NPUT>0(JTPUTiTAPE9iTAPEll) 

5 KNTs« 

PRINT  111 
PRINT  IfZ 
PRINT  113 

If  READ  (9)  NSNlHiNSNZHiNOHiUPiTSUHiDIFiENPDOLiLVLOLDiLEVREQi 

CBASEiDDRAflOSTiIHRTSiIRCT 
IFtE0F{9l.HE.f)60  TO  33 
CUR^CUR'^UP 

PRINT  ll4iBASEiNSNlHiNSN2HiN0RiUPfI0STiIRCTiINRTSiDDRA«LVL0L0iLEVR 
CEQiDIFiENPDOLiCUH 
KNT^NTil 
KRmT*KNTTOT+l 
IF(l0nT0T.E0.8M)C0  TO  33 
IF(KHT.EQ.4»GO  TO  5 
CO  TO  II 

33  CUN^I. 

REAl)«fBUDCET 

34  KNT*I 
PRINT  111 
PRINT  IIZ 
PRINT  113 

41  READUII  NSNIHiNSNZHiNOH.UPiTSUNiDIF.EUPDOLiLVLOLDiLEVREOi 
CBASEiDDRAiIOSTiIHRTSiIRCT 
IFCEOFdIt.NE.ilSTOP 
CORsCURfUP 
TOTRED*TOTRED+DIF 

PRINT  ll4iBASEtN3NlHiHSN2HiH0HiUPrI0STiIRCTiINRTSiDDRAiLVL0LDiLEyR 
CEQiDIFiENPDOLiCUH  • 

IFICUN.CE.BUDGEDCO  TO  Sf 
KNTsKNT+1 

IF(KNT.EQ.4I)C0  TO  34 
CO  TO  41 
51  PRINT* 

PRINT* I " BUDGET  LIMIT  REACHED" 

PRINT* I " TOTAL  EIPECTED  NORS  HOUR  REDUCTION  : "iTOTRED 

111  FORHATdHli//) 

112  FORHATdi(i"SUPPLT"i4Ii''STOCK"i23li"ONIT"i2ZIi"DEHANO  EST  REQ 
CNORS  HOUR  IHPROV£HEMT"i“  TOTAL") 

113  FORHAT  dll "ACCOUNT" 1 51 1 "NUNBER" 1 41 1 “NOMENCLATURE" 1 41 1 "PRICE" 1 41 1" 
COST  RCT  NRTS  RATE  LVL  LVL  REDUCTION  PER  DOLLAR" i" 
CCOST") 

114  F0RNATdXiA4iZliAlliA5i2IiAlliZliFll.2iZliI3i21iI3i31iI4iZl 
CiF4.4iZliIZi31iIZi41iF8.4i31iFll.4iF13.2) 

END 

• • 


BKI  4V'4fMBiE  COPy 
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PROCRAH  DAUSS(INPUTiOUTPUTrTAPE6) 

5 

PRINT  5» 

PRINT  511 
PRINT  512 
PRINT  513 

If  READI^lNSNlHiNSNZHiTBARiVARilNiTSUH 
IFlEOFlAl.NE.flSTOP 

PRINT  5f4fNSNIHiNSN2H>lBAR»VARiXNfTSUN 
KHTsKNTM 

IF(KNT.CT.4flGi)  TO  5 
CO  TO  If 

5ff  FORMTllHW///) 

5fl  F0RNATIZ4X>"ST0CK  NUNSER3  NOT  ON  0041  FILE''./) 

Sf2  FORNATdfli"  STOCK  NUNBER  NEANM7X>*NUfleER  OF  TOTAL") 
5f3  F0RRAT(27Xi"N0RS  HRS  VARIANCE  INCIDENTS  HOURS"*/) 

5f4  F0RnAT(Ifl.AlfiA5r2X.F8.2i2XiF9.2i5XiF3.f>5XiF8.g) 

END 
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DD0»TSSIiI0^liHTltC)175li").STC$A.  A75i5iliCE)IET>S7201 
LIMAiiTrCOBOL. 

RFLi75600. 

ATTACHiDltPRAnCBRiCT:!. 

FTMfhOl.Ls®. 

LABEL  I TAPEl  i R • L^BOSZSORTEDNORS  i V3N:=L0S94<  i NOR  INC . 

LCO. 

RETURNiLCO. 

REU!NDiTAfE3. 

RENIND>TAPE4.TAPE12. 

UNLOAD! TAPEl. 

RETURNiDliTAPEZ. 

AnACHi02iPRA)1CBRfCT-Z. 

FTN,1=D2iL-I. 

LABELiTAPESiRiL'DIAlEITfVSNiliiiSSiNORINC. 

RETURN! D2. 

LCO. 

RETURNiLCO. 

REUINDiTAPEiiTAPE?. 

RETURNiTAPESiTAPEA. 

ATTACHiDSiPRAKCERiCT^O. 

FTNiIiOSiL^f. 

RETURNiOS. 

LCO. 

RETURNiLCO. 

REKINDiTAPES. 

RETURNiTAPESiTPPETiTAPElZ. 

ATTACHiSRTiPRANCBRliCT-S. 

FTNiIsSRTiL^O. 

RETURHiSRT. 

LCO. 

RETURNiLCO. 

ATTAGHiDAiPRANCBRiCTM. 

REUlNOiTAPElB. 

FTWiI=04iL*«. 

RETURNiOA. 

LCO(PLM00O0> 

RETURNiLCO. 

RETURN! TAPEOiTAPElfl. 

ATTACHiDSiPRAnCBRiCT^S. 

FTNihDSiL-0. 
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I 


RETURdiDS. 

LCO(PL*!Re«) 

RETURNiLCO. 

RETURNJArEi. 

REMIND • INPUT. 

COPTBF* INPUT. 

EIITiS. 

ROUTErTAPESfTID^XTiFID^TAPEJrOC'PR. 

RflU7E.TAPE4iTI0-X7»FlDsTAPE<rI)C*PR. 

R0UTEiTAPeiiTID*17.FID>TAPE4f0C-PR. 

R0UTEiTAPE7.TIP*I7iFID*TAPE7.DC=PR. 

R0UTE>TAPE8fTID>X7iFID>TAPE8<DC>PR. 

ROUTEiTAPEIirTID<X7>FID-TAPt0iDC'PR. 

REUINOi  INPUT. 

COPTBFi INPUT. 

«EOR 

Z.98i3 

*EOR 

B-5Z 

I3.Z 


<0 


# 
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